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Chapter 1 
INTRODUCTION 
The nitrogen fertilizer industry plays a basic role in the 
economy. of the United States. Increases in the prices of nit
,
rogen 
fertilize
.
rs cause increased costs of food production which in turn 
influence the rate of inflation by causing increases in the pri�e of 
food in the economy. Similar�y, shortages in the supply of nitrogen 
fertilizer cause shortages in agricultural production that reduce 
the production of food, thereby raising the price of food. Shortages 
of food also affect our international trade in agricultural commod­
ities and as a consequence substantially affect our positive balance 
of payments '�ith respect to agricultural exports and imports. 
One indication of the importance of commercial fertilizers, as 
an input in agricultural production, is given by farmer expenditures 
for fertilizer and lime. In 1951, total expenditures by farmers for 
fertilizer and lime in the United States amounted to approximately 
$1,064 million� By 1972, this had increased to about $2,476 million, 
an increase of over 133 percent from 1951 to 1972. 
Of the three primary nutrients nitrogen, phosphates, and 
potash, 'nitrogen is the most important. Consumption of nitrogen 
accounted for 42.7 percent of the total primary nutrient demand in 
the United States for 1972. While there are numerous fertilizer .  
mixtures conta,ining nitrogen� the two most .important nitrogen fer­
tilizers are ammonium nitrate and anhydrous anunonia. In fact, farmer 
expenditures in.1972 for ammonium nitrate and anhydrous ammonia 
amounted to over 19 percent of all expenditures for fertilizer and 
lime in the United States. 
The structure of the nitrogen-producing sector of the fer-
tilizer industry changed significantly during the period from 1951 
to 1972. T he marked increase in the consumption of nitrogen fertil-
izers and the potential profits associated with the conversion of 
natural gas into fertilizer products prompted several major oil 
companies to enter the industry. At the same time, new technological 
innovations in the production of nitrogen fertilizers were introduced, 
and several established old-line fertilizer companies expanded their 
production capacity and began integrating their operations forward 
with expa�ded distribution and rnarketi?g systems.1 
The entry of new firms, the expans.ion of existing firms, and 
the technological innovations that favored increased capacity resulted 
in an·overexpansion of the nitrogen-producing sector of the fertilizer 
industry. Overproduction during the 1960's caused increased competi-
tion among existing firms and resulted in significant declines in the 
market prices of nitrogen fertilizers. For example, the average 
retail price for ammonium nitrate in the United States decreased from 
approximately $83 per ton in 1951 to $60 per ton in 1970. The average 
retail price for anhydrous ammonia declined even more dramatically 
1 
J. Warren Mather, Cooperative Fertilizer Marketing and Manu­
facturing, Farmer Cooperative Service Research Report No. 24 
(Washington, D. c.: u. s .  Department of Agriculture, 1973), p. 4. 
2 
during this period--from $164 per ton in 1954 to about $75 per ton 
in 1970. The result of these price and market changes was the elimi-­
nation of many of the smaller and less efficient producers from the 
. industry due to increased competition. 2 
The situation in the fertilizer industry began to stabilize 
3 
by 1971. Although demand for commercial fertilizers continued to 
increase, few new manufacturers entered the industry, thus· the expan­
sion of productive cap acity was slowed by existing firms. Overproduc­
tion. that existed in the industry during the 1960's began to disappear 
by 1971. Increased demand, slowed growth in productive capacity, and 
increasing costs, due to the effect of inflation on the prices of inputs 
used in fertilizer production, caused the average retail prices of ni­
trogen fertilizers to increase during the period 1971-1973. Tile average 
retail price for ammonium n itrate in the United States was about $63.30 
per ton in 1971. By 1973, this had increased to $77.30 per ton. Sim� 
ilarly, the average retail price for anhydrous armnonia was about $80 
per ton in 1971 and had increased to $92.50 per ton by 1973. 
Al though these changes in market structure have occurred while 
the average re tail prices of nitrogen fertilizers declined, the rela­
tionship between structural changes and price has not been tested. 
This study is devoted to an investigation into the relationship 
between several market structure variables in the nitrogen fertilizer 
industry and the pricing of two basic ·nitrogen fertilizers, anhydrous 
ammonia and ammonium nitrate. 
2 Mather, p. 4. 
STATEMENI' OF THE PROBLEM 
The· problem considered in this study may be delineated as 
follows: a determination of (1) the extent to which t he ret ail prices 
of ammonium nitrate and anhydrous ammonia are affec ted by some of t he 
major market struc t ure variables of the nitrogen fe rtilizer indust ry, 
(2) the role tha t  cooperatives have played in the pricing of these 
nitrogen fe rtilizers, and (3) recommendations for coope rat ive action 
based on the findings of this ·study. 
IMPORTANCE AND VALIDITY OF THE PROBLEM 
Cooperatives have become increasingly active in the marketing 
of agricultural products and in .the distribution and manufacture of 
agricultural inputs. Initially, co operatives were organized for the 
marketing of dai ry products, fruits, and grain, but TOC>re recently they 
have also become involved in the marketing and production of farm 
supplies. As suppliers at the wholesale level, cooperatives have 
en t er ed into the wholesale supply of petroleum products and commercial 
fertilizers. The movement of cooperatives from the retail level to 
the wholesale level is sununarized as follows-: 
A most significant development was the rise of the 
wholes.ale or regional farm supply cooperative, largely 
during the twenties and thirties. The economic impact 
at the local level, while important, was limited. Also, 
the regional fa rm supply cooperative was a definite 
vertical integration step into manufacturing and pro­
duction. • • [where] • • • vertical integrat ion consists 
of a functional movement from farm production, to cooper­
atively purchasing farm supplies produced by someone else, 
to manufacturing farm supplies, and in many cases, extending 
4 
to the ownership of raw materials, with all functions 
owned and controlled by farmers.3 
Cooperatives vertically integrated into the production of 
nitrogen fertilizers between 1960 and 1970, when cooperative producers 
increased their share from approximately 26 percent of the industry's 
total production of ammonium nitrate to 32. 5 percent. Similarly, 
cooperatives accounted.for only 6.6 percent of the industry's produc-
tion of anhydrous annnonia in 1960, but by 1970 this had grown to 
20. 4 percent. 
The operating principles of cooperatives are essentially dif-
ferent from those of profit-oriented firm5. These ·operating principles 
include (1) member ownership and control, (2) nonprofit or operation 
at cost, �d (3) limited returns on capital. 4. The principles of oper-
ation at cost and limited returns on capital contribute to the ability 
of cooperatives to effectively compete on a price basis. 
The effect that the established distribution system of cooper-
atives, the entry of cooperatives into fertilizer production, and the 
use of new technology by cooperatives has had on the retail prices of 
nitro_gen fertilizers is largely unknown. From an analysis of available 
historical data, the impact of cooperatives on the retail prices of 
annnonium nitrate and anhydrou� amnonia will be determined. On the 
3w. Gord�n Leith, "Several Roads Can Be Taken for Cooperative 
Growth," Blueprint for Cooperative Action: American Cooperation 
1972-73 (Washington, D. c.: American Institute of Cooperation, 1972), 
p. 137 • 
5 
. 4Kelsey B. Gardner, ''Matching Cooperative Principles to Today's -
Operating Practices" (Paper presented at the meeting of the American 
Institute of Cooperation, Colorado State University, August 14, 1971). 
., 
basis .of these conclusion·s, r
.
ecommendations concerning policies to 
improve the effectiveness of cooperatives as competitors in the 
industry will be developed. 
THEORETICAL BASIS 
The fertilizer industry is characterized by relatively few 
firms engaged in the production of nitrogen fertilizers as compared to 
the number of firms that handle nitrogen fertilizers at the retail 
level. ·As a product, nitrogen fertilizers are homogeneous in nature 
although some product differentiation is attained through the use of 
brand names associated with the products of different manufacturers. 
Substantial capital investment acts as a barrier to entry at the pro­
duction level with a modern .nitrogen-producing facility costing $30 · 
to $�0 million. At the retail level, capital barriers are slight; the 
necessary capital investment .at the retail level is dependent on the 
size of the operation. 
The demand for fertilizer is seasonal in nature. Approximately 
70 percent of the commercial fertilizer used by farmers is applied 
during the spring months with the remainder being applied in the fall. 
The demand for nitrogen fertilizer is also affected by weather con­
ditions and the income of farmers. 
The nature of competition in any market is influenced by the 
degree of market power possessed by the firms represented in the 
market. Market power may be defined in terms of the dependence of 
6 
one firm upon the actions of a rival.5 Thus, if a firm possesses 
some degree of market power, its competitors or rivals beiieve that 
its actions will have some impact upon their own situation. �or 
example; if cooperatives possess subs.tantial market power in some 
area and if cooperatives lower their retail prices for anrroonium nitrate 
and anhydrous ammonia, then the other retail firms in the market may 
also lower their prices under the impression that tQey may suffer a 
loss of sales to cooperatives if they do not. Conversely, if coop-
.. 
eratives did not possess market power, rival firlJlS may not lower 
prices in reaction to this action by cooperatives. For market power 
to exist, competitors must necessarily believe that some dependency 
exists between thelr situation and the actions of ·their rivals. 
Market share is one measure of market power. The market share 
of cooperatives in any market is represented. by the proportion of 
total expenditures for fertilizer· and lime in the area accounted for 
by cooperative net sales of fertilizer. An increase in the market 
share of any �etail firm will increase its ability to influence 
market conditions and �he actions of competitors. Thus· in markets 
:In which cooperatives have increased their influence by"expanding 
their market share, the average retail prices of ammonium nitrate and 
anhydrous annnonia will be affected by the market share of cooperatives. 
Similarly, in markets in which cooperatives have not expanded their 
Su. s. Department of Agriculture, Economic Research Service, 
Market Performance: Concepts ·and Measures, Agricultural _Economic 
Report No. 244· (Washington, D. C.: Government Printing Office, 1973), 
p. 53. 
7 
market share, the retail pri�es of ammonium nitrate and anhydrous 
amroonia will be influenced to a greater extent by. the market share of 
non-cooperative firms. 
The quantity of fertilizer demanded at the retail level will 
significantly influence the cost structure faced by retail firms and 
in turn retail price • .  Increasing expenditures for fertilizer and 
lime associated with declining retail price necessarily indicates an 
increased quantity of fertilizer marketed at the retail level. 
Economic theory suggests that retail price. will be affected by 
increasing quantity in two different ways.. First, in.creased quantity 
or sales volume will allow retail firms to move downward along their 
average cost curves toward the point of minimum average cost. For 
example, in 1967, the estimated average operating cost for anhydrous 
ammonia retail outlets in Nebraska with an annual output of 207 tons 
was approximafely $39. 36 per. ton. Similarly, the average operating 
cost for outlets with an annual output of 943 tons was about $13. 78 
per ton and about $9. 20 per ton for outlets with an annual output of 
2,658 tons.6 
As these results indicate, the average cost of retail distri-
bution declines significantly with increased volume. Firms at the 
retail .level experiencing increased sales volume may lower the retail. 
prices of ammonium nitrate and anhydrous ammonia. Also, increased 
expenditures may stimulate interfirm competition depending upon the 
6Richard K. Rudel, "Economics of the United .States Amroonia 
Industry" (unpublished PhD dissertation, Colorado State University, 
1973), pp. 228-232. 
8 
competitive structure of the market and the existence of ba r riers to 
the entry of new fi rms . Although t he size or sales vo lume of any 
particular cooperative will affect its abi lity to exert an influence 
9 
over a market area, this influence will be severely limited by distance. 
Therefore, in a lar ge market (fo r example, a state or region), for 
cooperatives to si gnific an tly influence competition and the retai l 
pr ice s of ammonium nit rate and anhydrous ammonia, there.must be a suf­
ficient number of coope rative s in the ma rket . 7 
If th e lower co st s associated with inc reased volume are not 
reflected in a lower retail price, new firms may enter a t the retail 
level. Economic theory indicates that if the barriers to entry are 
slight, continued p ricing above ave rage cost wil l s timulate entry by 
new firms�· Hence, increases in quantity demanded can af fect the 
structu re of th e market and indust ry by increasing interfirm price com-
petition due to lower costs or by s timulatin g the entry of new firms 
when the bar riers to entry are low. 
Finally, the average c os t of fertilizer production will sig-
ni fic an tly affect r etail price. Since increased production costs are 
passed on to the retail level, an increase in the average cost of 
anhydrous ammonia production will cause an inc rease in the a verage 
retail p rice s of anh ydro us ammonia and ammonium nit rate. Similarly, 
a decrease in the average cost of production at the ind ustry level 
will cause a de cline in the retail prices of n it rogen fertilizers, 
7 c. David Heffelbower, "Structural Variables Affecting the 
Average Price of Nitrogen Fertilizer, 1951-1961" (unpublished 
Master's Thesis, University of Nebraska, 1963), P• 4. 
assuming that sufficient competition exists to force any decrease in 
costs to be passed forward to the retail level. 
DELIMITATIONS OF THE STUDY 
10 
The 21-y ear period from 1951-1972 was· considered in this study. 
The entire continental United States was included in the analy sis. 
For the purposes of analysis, market areas were represented b y  indi­
vidual states classified into a series of nine geographical regions 
(See Figure 1). Regions were chosen on the basis of the similarities 
in agricultural and geographical characteristics. Classification 
of market areas by states and· regions was used to facilitate the 
investigation of interstate and interregional differences. 
For each state and region, data for the foilowing variables 
were obtained on a yearly basis for the period under consideration: 
(1) the number of cooperatives handling fertilizer at the re tail 
level, (2) the market share of cooperatives expressed as the per­
centage of total fertilizer expenditures accounted for by the net 
sales of fertilizer made by cooperatives (gross sales excluding fer­
tilizer sales between cooperatives), (3) the total exp�nditures 
made by farmers for fertilizer and lime, (4) the average retail price 
of ammonium nitrate, (5) the average retail price of anhydrous annnonia , 
and (6) an estimate of the average cost of production for anhydrous 
ammonia plants. 
I j 
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METHOD OF APPROACH 
All data used in this study were obtained from secondary 
sources including govemment publications and unpublished previous 
studies. The average retail prices for ammonium nitrate and anhydrous 
armnonia used in the analysis were compiled from·Agricultural Prices. 
Estimated farmer expenditures for fertilizer and lime were obtained 
from Farm Income ·state Estimates, and information concerning the number 
of cooperatives handling fertilizer in each state and region and the 
net sales of fertilizer made by cooperatives was taken from Statistics 
of Farmer Cooperatives. The market share of cooperatives.was computed 
by dividing the net fertilizer sales made by cooperatives by the total 
estimated. fa�er expenditures for fertilizer and lime. 
The necessary data for the number of cooperatives handling 
fertilizer at the retail level and the net sales of fertilizer made by 
cooperatives were unavailable for 1971 and 1972. Estimated farmer 
expenditures for fertilizer were unavailable for 1972. For each 
variable, the unavailable data were estimated by using a linear trend 
equation based upon the previous ten years of available data. 
Step-\1ise multiple linear regression analysis was the primary 
statistical method utilized in this study. An estimated regression 
equation was cal culated for each state and region with the average 
retail prices of ammonium nitrate and anhydro us ammonia taken as 
dependent variables. Multiple correlation analysis was used to 
determine the degree of association between the avera ge re tail prices 
' . 
of ammc)nium nitrate and anhydrous ammonia and the selected market 
st ructure variables. 
Prior to the statist ic al analysis, the price and expenditure 
data were adjusted. In an attempt to remove the effect of inflation, 
all price and expenditure data were expressed in constant terms.. .This 
was accomplished by using the GNP Implicit Price Deflator. The index 
was applied with 1961 as the base year. Hence, all p rice and expen­
diture data were expres sed in terms of constant 1961 dollars prio r  to 
the analysis. 
REVIEW OF LITERATURE 
Only very limited empirical research has been done using sta­
tistical analys is to determine the ro le of cooperatives in the 
fertilizer industry. Only one previous st udy of this nature was found 
in the review of literat ure. This was a study co nducted by c. David 
Heffelbower at the Univers it y of Nebraska in 1963. 
The Heffelbower study considered the fertilizer industry for 
the ten-year period 1951-1961. Multiple regression analysis was used 
in the Heffelbower study to determine the impact of selected market 
structure var iables on the retail prices of ammonium nitrate .and 
anhydrous annnonia. Explanatory market structure variables used in 
the analysis i ncluded the number of cooperatives at the retail level, 
the market share of cooperatives, and estimated farmer expenditures 
for fertilizer and lime. 8 
8
Heffelbower� pp. 1-6. 
297559 SOUTH DAKOTA STATE UNIVERSITY LIBRARY 
13 
' . 
14 
The available data used in the Heffelbower study proved to be 
insufficient to statistically test the historical· impac t  of cooperatives 
in the fertilizer industry. The results of t he study were inconclusive 
concerning the role of cooperatives in the pricin g of am100nium nitrate 
and anhydrous anunonia. 
Although st ati�tical research concerning the role of cooper­
atives in the fer tilizer industry has been limited, much empirical 
research has been done using mul tiple regression techniques and 
market structure variables. Three previous investigations are cited 
:In this review of literature as an illus tration of th.e use of regression 
analysis and market structure variables. A discussion of the results 
of-these studies has been omit ted since the conclusions do not relate 
directly to the role of cooperat ives in the fertilizer indust ry. 
T. Y. Shen used regression analysis and market structure 
variables in an investigation of the effect of technology on concen­
tra tion in industrial markets. In this study, concentration was 
measured by the market share of individual firms. The use of t ech­
nology by individual firms was measured by the growt h  rat e in the 
size of their plants; the lat est technology is used in new or reno­
vated plants . Regression analysis was used with market share taken 
as the .dependent variable and the rate of ·growth in plant size taken 
as · the independent variable. The conclusions of t he study, concerning 
the effect of technology on concentration and competition, were based 
·1 
.. 
on an evaluation of the correlation coefficient s  between market share 
and rate of growth in plant size.9 
Another study usin g simple and multiple regression analysis 
and selected market structure variables was conducted by David R. 
Kamerschen . The purpose of this study was to investigate ·the hypoth-
· esis that market growth leads to decreased concentration • .  For each of 
the individual industry groups considered, concentration in the 
indus try was used as · the dependent variable. This concentration 
variable was represented by the value of shipments accounted. for by . 
the firms included in the industry group 4-firm, 8-firm, and 20-firm 
concentration ratios. One independent variable used was a growth 
variable, measured by the percentage change in the value of s hipments. 
15 
Entry conditions in an industry group were used as a second independent 
variable. This was measured by the percentage change in the tot al 
number of firms included in the industry group. A coverage ratio, 
representin g the value of shipments produced by t he plants included 
in the primary industry group as opposed to the shipments produced by 
plants classified in other primary industry groups, was the final 
10 
explanatory variable used. 
The results of a more recent study of this nature, completed 
by c. J. Sutton 1 were published in 19 74. The Sutton study also used 
regression techniques and market structure variables . The purpose of 
9T. Y. Shen, "Competition, Technology, and Market Shares, " The 
Review of Economics and Statistics, 50:1 ( 19 68) , 96- 102. 
l.
O
David R. K.amerschen, "Harket Growth and Industry Concentration," 
Journ .1 of the American Statistical Association, 6 3:21 ( 1968) ,  228-241. 
16 
this study was to detennine the effect of concentration on advertising 
and market competition. There were 25 different industry groups 
included in the an alysis. Both simple linear and quadratic regressions 
were used by Sutton. Advertising intensity, as measured by the ratio 
of advertising expenditures to gross sales was used as the dependent 
variable for each industry group. Concentration was taken as the 
narket struc ture variable and was represented by the industry's 5-firm 
concentration ratio. The implications and conclusions of Sutton's 
study were based on the calculated correlation coefficients and esti­
nated regression equations. 1 
llc. J. Sutton,- "Advertising, Concentration and Competition," . 
'!he Economic Journal, 84:333 (1974) , 56-69. Other studies include: · 
B. P. Pashigian, "Mark et Concentration in the United States and Great 
Britain," Journal·of Law and Economics, 11(October1968), 299-319; 
and w. s. coman or and T. A. Wilson, "Advertising, Market Structure and 
Performance,". Review of Economics and · statistics., 49 {November 1967), 
423-40. 
Chapter 2 
HISTORICAL TRENDS OF SELECTED 
STRUCTURAL VARIABLES 
The relationship between an industry's structure and an 
industry's conduct has been extensively developed in economic liter-
ature and. especially in the theory of industrial organization. As 
previously stated, .only limited empirical research has been done con-
cerning the relationship between industry structure variables and 
market price in the fertilizer industry. 
Among other variables, the market structure of an industry 
may be characterized by the number of buyers and sellers in the 
industry, the degree of product .differentiation, the e xtent of vertical 
and horizontal integration, the production cost structure, and by 
supply and demand conditions. D�mand conditions are affected by such 
factors as the rate of growth in demand, the availability of substitute 
products, and the existing marketing and distribution structure� 
Similarly, supply conditions are influenced by such factors as the 
availability of raw materials used in production, the level of tech-
nology, and the existence of economies of scale in production and 
distribution.12 
The major structural variables of concern in this study are 
included in those outlined above. This chapter is devoted to a brief 
12F. M. Scherer, Industrial Market Structure and Economic Per­
formance (Chicago: Rand McNally and Company, 1970), PP• 5-6. 
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review of the trends in many of these structural variables of the fer­
tilizer industry for the period 1951-1972. 
CONSUMPTION OF COMMERCIAL FERTILIZER 
Two meas ures of market demand utilized in this study are the 
quantity of fertilizer consumed in terms of plant nutrients and the 
level of farmer expenditures for fertilizer and lime. Trends in 
these two measures of market demand are discussed in t he following 
s ections. 
Plant Nut rient Consumption 
The use of
.
total fertilizer material in the United States 
increased from a pproximately 18 million tons in 1950 t o  about 41 mil­
lion tons in 1972 . This repres ents an increase of 128 percent in 
the use of total fertilizer material during the period. Of the three 
major nutrients, however, nit.rogen has become the most important 
nutrient used in the United States. The consumption of nitrogen 
increased by about 745 per cent, for the period 1950-1972, or from 
about 955 thousand ton s  in 1950 to about 8,075 thousand tons in 1972. 
Similarly, the consumption of phosphates and potash also increased 
during the period. . 'lhe consumption of phosphates increased by about 
146 percent from approximately 1,930 thousand tons in 1950 to about 
4,752 thousand tons in 1972. Finally, the consumption of potash 
increased by all1XJ st 300 percent during the period from about 1,070 
18 
· •' 
thousand tons i n  1950 t o about· 4,278 thousand tons i n  1972. The con­
sumption of total fertilizer material, nitrogen, phosphates, and 
po tash in the United States, expressed in terms of tons of nutrients 
used, is summarized in Table 1. 
Farmer Expenditures for Fertilizer 
Market demand for fertilizer, measured in terms of farmer 
expenditures for fertilizer and lime, also showed substantial 
19 
growth for the period 1951-19 72� When expressed in current dollars, 
total farmer expenditures for fertilizer in the United States increased · 
from approximately $1,064 million in 1951 to about $2, 476 million in 
1972. 'lllis is an increase of about 133 percent. 
The �attern of fertilizer consumption also changed s ignif­
icantly during the period. In 1951, the South Atlantic region was the 
p rimary user of commercial fert ilizer with expenditures amounting t·o 
$294.9 million. By 1972, the· South At lantic region ha d estimated 
fertilizer expenditures of $3 75.8 million, while expenditures in the 
East North Central region and the West North Central region totaled 
$553.4 million and $676.7 million, respectively. When expressed in 
current prices, this represents an increase of 150 percent in the 
East North Central re gion and a 555 percent increase in the West 
North Central region. 'nle Pacific region also showed a signific ant 
increase in expenditures, increasing from $74.8 million in 1951 to 
approximately $192.9 million in 1972. Table 2 cont ains a sunnnary of 
TAB LE 1 
Consumption o f  Total Fertili zer Mat erial , Nit ro gen , Phosphates , and Po t ash , 
in the United S tatesa for Selected Years , 1950 -19 72 
Type of . Year 
Ma terial 1950 1955 1960 1965 1970 1971 
- 1,000 tons -
. To tal 
Fer tiliz er 
Material 17 ,989 . o  22,284.0 24, 501.1 31, 435.1 39 , 239.4 40, 777 . 4  
Total N 955.6 1,897.3 2 , 685 .. 6 . 4,579. 7 7, 407.5 8,080.8 
Total P2o5 1,9 29.9 2,264.1 2, 552.3 . 3, 487 .1 . 4, 545.4 4, 7 78.5 
To tal K2o 1,069.9 1,834.0 2,112.3 2, 787. 1 3,993.6 4,189.4 
-
acontinental United S tates 
Ppreliminary 
1 97 2p 
40, 903.6 
8,0 75.1 
4, 7 51 . 7 
�,2 78.5 
Source : No rman L. Hargett , 1972 Fertiliz er Summary Dat a ,  National Fert iliz er Development 
Center (Mus cle Shoals , Alabama : Tennes see Valley Authority , 19 72) , p .  6. 
·-
N 0 
Re�ion 
· New England 
Mid Atlantic 
East North Cent ral 
West North Central 
South Atiantic 
Eas t South Central 
West South Central 
Mountain 
TABLE 2 
Estimated Expenditures by Farmers for Fertilizer and Lime , 
by Regions an d  United St ates , Sele ct ed Years , 1951-19 7 2  
Year 
19 51 19 55 19 60 19 65 1970 
- Million s  o f  Dollars -
28. 2 25 . 1  24 . 2  24. 8 20 . 5  
84 . 3  84 . 8  86 . 0  82 . 8  84 . 4  
.221. 1 259. 2 263. 5 39 7 . 8  46 6 . 3 
103. 2 1 77 . 6  219-. 8 . 36 7 .  9 594 . 4  
294 . 9  281. 3 286 . 3  311. 8 355 . 1  
15 2 . 3  142. 1 151. 3 163. 5 179 . 2  
7 5 . 3  82. 0 98. 8 166 . 7 230 . 9  
29 . 5  33. 8  46 . 8  6 6 . 9 99 . 2  
19 71 
22. 4 
96 . 9  
540 . 8 
6 6 6 . 1 
404 . 8  
202. 9 
256 . 6  
109 . 0  
1 9 7 2a 
2 0 . 7  
87 . 2  
553. 4 
6 76 .  7 
375 . 8 
190 . 6  
252. 1 
110 . 4 . 
..:. 
N f-1 
Region 19 5 1  19 5 5  
Paci fic 74 . 8 9 8 . 6  
Uni t ed S tates
b 
1 , 064 . 0  1 , 185 . 0 
aEst imated by the author. 
b in cludes Alaska and Hawaii 
Sources : 
TABL E  2 ( contin ued) 
19 6 0  
Year 
1 9 6 5  19 70 
- Mil lion s o f  Dollars -
12 8 . 7 15 9 . 4  1 77 . 0 
1 , 3 15 . 0  1 , 7 5 4 . 0  2 , 2 2 2 . 0  
19 7 1 1 9 72
a 
204 . 4 1 9 2 . 9  
2 , 5 22 . 0  2 , 4 76 . 0  
Data for 19 5 1- 19 5 8 : Farm Income S t at e Estimat es , FI S 2 1 4  Supplement ,  Economic Res e arch 
S ervic e ,  United S t ates Dep artment o f  Agriculture , Washin gton , D. c . , Augus t 19 69 . 
Dat a for 19 5 9 -19 7 1 : Farm Income S tate Est imates , FIS 2 20 Supplement , Econ omi c Re s ea rch 
Service , Unit ed Stat es Department o f  Agricult ure , Washin gt on , D .  C . , Augus t 19 72 . 
N 
N 
es timated farmer expenditures for fertilizer and lime by regions and 
for the United S tates for selected years . 
2 3 
Continued growt h  in the demand for commercia� fertilizer and 
the changing pattern of consumption h�s had a significan t impact upon 
the s t ructure of the fertilizer industry . In the followin g section, 
the impact of market growth as it stimulated the entry of new firms, 
the developmen t of technology in production, and t he. effect of reduced 
produc tion costs ar
·
e discussed in terms of the inf luence these f actors 
ha ve h ad upon the market price of nitrogen fertili zers. 
THE NITROGEN-PRODUCING SECTOR 
OF THE FERTILIZER INDUS TRY 
Nitrogen, for use as a primary plant · nutrient, is manufactured 
in the form of ammonia. Nitrogen fertilizers, includin g ammonium 
nitrate and anhydrous ammonia, are processed from syn thetic anuoonia. 
Technology and Productive Capacity 
Increased use ·of connnercial fertilizer, hi gh profit margins, · 
and �d vances in nitrogen manufacturin g technology stimulated the en try 
of new ·fi rms into the industry. Prompted by these factors and by the 
ur ge to diversify, oil companies entered into the production of 
anhydrou� ·ammonia, ammonium nitrate and urea as well as other phases 
o.f the fertilizer industry. 1
3 By 1967, it was estimated that at least 
a dozen major petroleum companies had become basic producers of two 
1 3 "Connn·ercial Fertilizers, " Cooperative Growth, Farmer Coopera­
ti ve Ser vice, FCS Report No .• 8 7  (Washington, D .  C.: U .  S . Department 
of Agricul ture, March 197 3 ) , p. 6 7 .  
. . , � 
o f  the three p rimary plant n�t rient s . 1
4 
In 19 6 6 , fi rms in the pet ro� 
leum indus t ry owned or con trolled almos t 40 pe rcen t  of the ind us t ry ' s 
15 
to tal capacity for atmnonia p roduc t ion .  
24 
Durin g th i s  pe rio d ,  when n ew  firms. were ent e rin g the ind us t ry ,  
es t ab lished fe rt i li z e r  companies were als o  movin g toward dive rs i fi-
cation and in te grat ion � It has b een es timat ed that the expansion in 
the ni t ro gen in dus t ry from 19 60-19 6 5  was dis t rib uted app ro ximat ely 
1 6  
as follows : 
fert i li z e r  companies in te grat in g back .  • • • 46 pe rcen t  
compan ies i n  ni t ro gen b us in es s  expan din g 
new in te grat �d p ro d ucers • • • • • • • • 
new me r chant p ro duce rs • • • • • • • • • 
• · 2 7 pe rcent 
• • 
• • 
18 pe rcen t  
9 pe rcent 
The en t ry of new firms and cqn tinued expan s ion ac companied b y 
vertical and ho ri z on t al in te grat ion was characte ris t i c  o f  the fe rt il-
iz er in dus t ry · durin g the 19 60. ' s .  The nit ro gen-producin g s e c t o r  o f  
the ferti li z e r  indus t ry was also significan t ly affe ct ed b y  te chno-
lo gical developmen ts in the p roduct ion o f  synth et ic ammoni a . The 
impact of new te chnolo gy on the industry is summari z e d  in the follow-
in g st atemen t : 
• • • The new large ammonia plants with the i r  inte­
grate d steam power cycles 1 are a clas s ic example o f  t e ch­
no�o gy ' s impact on expandin g ma rket s .  · They have reduc e d  
l4 "commerci al Fe rt ilizers , " P • 6. 7 . 
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John F .  Gale , "Note 3--Fert ilize rs ,
" St ruct ure o f  S ix Farm 
Input Indust ri es Ec onomic Res earch Servi ce Pub licat ion No . 357 
(Wash ington , D .  c . :  u .  s . Department o f  Agri cul ture , January 196 8) , p. 3 7 .  
1 6  
Gale , p. 37 . 
· 1 
production costs to the point that most older ammonia plants 
are economically ob solet e. The minimum size plan t , however ,  
which c ould take advan tage o f  the steam driven comp res s o r  
economics was 6 0 0  tons pe r day . In some cas es th is was 100 re 
ammonia than exis tin g market requirements fo r a given lo­
cation .  To many producers , this present ed a choice o f  
either buildin g sub s tantially more capacity · than they needed 
at a given location or becomin g non-compet itive from a cos t  
st andpoint . Mos t  o f  cours e ;  chos e the firs t .  
Moreove r ,  i f  they inves tig�ted the economics o f  the 
large 1 , 000 to 1 , 500-ton-per-day-units , they fo un d  ·th�t 
these bi gger plants o ffered a sub stantially lower inve stment 
cos t  per ton o f  ammonia and somewhat imp roved operat in g  e f- · 
ficiencies . Many sel ected the "economy size"  package o f  
1 , 0 00 to 1 , 500 tons o f  annnonia capacity per day . Th e  re­
sulting overcapacity situation has developed a secon dary 
question for these producers . This is the choice o f  cut� 
ting back annnonia production in the new plants to thei r 
exi sting marketin g  level , developin g new markets , an d/ o r  
competin g for o ther market s  by _way o f  "distres s ·  level"  
pricing. 1 7 · · · . . 
In 1960 there were 46 fi rms engaged in the product ion o f  
annnonia with a tot al o f  5 8  plan ts an d  a to tal annual capacity o f  5 . 3  
million tons o f  ammonia. By 19 70  there were 6 1  fi rms en gaged in 
amroonia product ion with 100 plants and a total annual capacity o f  
18 . 5  million tons .
18 
In 195 1  th e average des ign capacity fo r ammonia plants  was 
about 318 tons o f  ann:nonia per day.  By 1 965 this had increas ed to 
480 tons per day . The average des ign capacity for annnonia plan ts in 
19 70 . was 555 tons per d ay and in 197 2 ,  639 tons o f  amroonia pe.r day .  
17w.  E .  o ' Bri en ,  "Role o f  Technology in Expanding Ferti li zer 
Markets , "  Fertiliz er Marketing in a Changing Agric ult ure , (Memphi s : 
Tennes see Valley Authority ,  Oc tob er 196 9 ) , PP • 41-42 . 
25 
18
Richard G. Walsh and Richard K. Rudel , "S t ruc tural Changes in 
the Annoonia Manufac turin g Industry , "  Fertiliz er · situa
tion , Economic 
Research S ervice FS -2 (Washington , D .  C . : U .  s . Depa
rtment of  
Agricultµre , January 19 72 ) , p. 35 . 
26 
These figures represent an in creas e of 50 . 9  percen t  in des ign capacity 
from 19 5 1-1 965 and an increase of 33. 1 percent for the p e rio d 1 9 65-19 72 . 
As overexpans ion developed in the industry , the level o f  unused p ro­
duc tive capacity increased . In 1960 ; the indus t ry pro duction o f  
ammonia annunted t o  approximat ely 9 1  percent o f  total annual des ign 
capaci ty .  _By 19 65 this  had declined to 84 pe rcent an d  in 19 7 0  the 
indus t ry production o f  annnonia accounted for only 70 percen t o f  annual 
des ign capacity . Associated with this increase in annual capacity was 
a dec rease in the average cost of ammonia p roduction . TI1e avera ge 
cos t  o f  production in 195 1  was approximat ely $59 . 82 p e r  ton o f  
ammonia. By 1 96 5 , the cost had declined t o  ab out $ 37 . 48 per t on o f  
ammonia an d  b y  1 9 7 2  had increas ed slight ly t o  ab out $41 . 12 per ton . 
Tab le 3 con tains a summary o f  average. 
plant siz e ,  operat ing capacity , 
and average p roduction cos t  for the annnonia-producing in dus t ry for 
the period 1 9 51-1972.  
Trends in the Average Retail 
. Price of Anhydrous Ammonia 
The average retail price of anhydrous ammonia in the United 
States . was app roximately $164 pe r ton in 1954 , but by 1 972  it had 
declined to ab out $80 per ton .  In terms o f  current p rices , �h is repre-
sents a - 5 1 . 2 percent. decreas e in the average re tai l pri ce .  In all 
regions ,  the mos t sub s t antial price declines occurred durin g the 
period of overexpans ion from approximately 196 6  to 1 9 7 0 .  The toos t  
prominent dec�ines in the average retail p�ice o f  anhydro us annnonia 
occurred in the re g'ions o f  ·intens ive fert ilizer us e .  For example , the 
TABLE 3 
Average Plan t S iz e ,  Op e rat in g  Capac i ty , an d  
Ave rage Product ion Cos t s  for Ammonia Plants , 
19 51- 19 7 2  
Ave ra ge S i z e  Ope rat ing 
2 7  
Average Cost o f  
Year o f · Arnt:nonia · Plan t  Capacity Annoonia · Product ion 
19 51 
19 5 2  
19 5 3  
19 54 
19 55 
19 5 6  
19 5 7  
1958 
1959 
1960 
19 61 
19 6 2  
19 6 3  
19 64 
19 65 
19 66 
19 6 7  
19 68 
1969 
19 70 
19 7 1  
1 9 7 2  
Tons o f  Ammonia 
Per . Day 
3 1 8  
312 
3 36 
32 1 
399 
381 
362 
366 
386 
384 
389 
40 8 
42 1 
4 34 
4 80 
5 1 3  
5 2 0  
5 3 1 
5 5 5  
5 5 5  
6 1 2  
6 39 
Percent o f  Des ign Dol lars Pe r Ton 
Capac ity o f  Ammonia 
80 59 . 82 
91 ' 5 5 . 19 
82 5 7 . 5 8 
7 5  6 2 . 6 1 
80 5 3. 80 
80 5 5 . 14 
77 5 8 . 25 
78 5 7 . 37 
86 5 2 . 34 
91 50 . 5 1  
84 52 . 9 3  
83 5 1 . 9 8  
82 5 1 . 41 
86 39 . 1 3 
84 37 . 48 
85 35. 6 5  
8 3  35 . 7 8  
7 0  39 . 0 5 
69 38. 11 
70 3 7 . 6 9  
8 2  31. 45 
80 4 1 . 12 
Source :  Richard K. Rude l ,· comp uted from Table 2 , P • 1 7 ;  
Tab le 1 7 , P •  62 ; and Tab l e  3 4 , p .  16 7 ; cont ained in tmp ub lished 
PhD dissert ation . 
. � I  
2 8  
average ret ai l  p ri ce in th e Eas t No rth Cent ral re g ion d e cre ased b y  56 . 9  
percen t , from $1 84 per t on in 19 54 t o  $79 . 30 per t on in 19 72 . S imi-
larly , the re t ai l  p ri ce of anhydrous annnonia declined b y  55 . 5  percen t  
in the We s t  No rth Cen t ral re gion , from $172 per ton in 1954 t o  about 
$76 . 40 pe r t on in 19 72 . The average retail p rice of anhydro us ammonia 
sh owed s imilar declines in the East S o uth Cen t ral and the We st S o uth 
Cent ral re gion s .  
Al though the ave ra ge re tail p rice o f  anhydrous ammoni a  showed 
a dec l ine in eve ry  re gion fo r the period of c ons iderati on , the p ric.e 
de clines in the Mountain and Paci fic regions were n ot a s  sub stantial 
as th e p ri ce re duc tions in o ther reg ions . For the Mount ain re gion 
and the Paci fic re gion , the average re tail p rice o f  anhydro us ammonia 
de clin e d  by 5 3 . 7 p e rcen t  and 40 . S  percen t ,  respectively . These inte.r-
re gion al  p rice d i ffe rences we re due in p art t o  transportation c os ts �  
I t  h as b een es tima te d  t hat 2 5  pe rcent or more o f  the re tail p rice of 
19 conunerci al fe rtiliz er represen ts t ransportation c os t s .  Table 4 
con tains a s ummarization of the ave rage retail price of anhydrous 
ammoni a  by re gions an d for the United S tates for sele cted years . 
Tren ds in the Ave rage Re tail 
Pric e of Annnon ium Nit rate 
The t ren ds in th e average re tail p rice of ammonium n it ra te were 
similar t o  the t ren ds in the average re tail p rice o f  anhydrous ammoni a , 
althou gh the p rice declines in . the cas e  of armnon ium n it ra t e  we re n ot 
19 Gale , p .  33.  
. ,. • 
Re�ion 
New England 
Mid Atlantic 
�t North Central 
West North Central 
South Atlantic 
East South Central 
West South Central 
Mountain 
· TABLE 4 
Average Retail Price Paid by Farmers for Anhydrous Amroonia , 
by Regions and United States , Selected Years , 19 54-19 7 2  
Year 
19 54 . 1960 19.65 19 70 19 7 1  
- Price Per Ton of Anhydrous Ammonia ( $) a -
--- 180 . 00 168. 0 0  - - 95 . 00 
; 
184 . 0 0  14 7 ;oo 121. 00 7 1 . 90 77 . 60 
1 72 . 00 132 . 00 . 11 5. 0 0  70 . 60 7 6 . 20 
-- 158 . 00 163 . 00 93. 60 96. 30 
1 39 . 0 0 114 . 00 i12 . 00 6 7 . 00 7 5 . 10 
158. 00 1 36 . 00 111. 00 6 7 . 70 7 3. 20 
210 . 00 16 5 . 00 15 2 . 00 92 . 70 91. 20 
19 72 
89 . 0 0  
79 . 30 
76 . 40 
9 3. 70 
77 . 30 
74. 70 
9 7 . 10 
N 
\0 
TABLE 4 ( continued) 
Year 
Region 1954 1960 1965 1970 19 71 19 72 
- Price Per Ton o f  Anhydrous Armnonia ( $) a -
Pacific 175 . 00 155 . 00 140 . 00 110 . 00 109 . 0 0 104 . 00 
United States 164 . 0 0  141 . 00 12 2 . 00 75 . 00 . 79 . 30 
aPrices as o� April 15 , 19 54 - April 15 , 19 72 
Sources : 
Data for 19 54-19 60 : Heffelbower , pp . 15-1 7 .  
Data for 19 6�-19 72 : Agricultural Prices , U. S .  Department of Agriculture , St atis tical 
Reportin g  S ervice , Crop Reportin g  Board , Washin gton , D. C . , 19 6 1-19 7 2 .  
..:_ 
80 . 00 
w o . 
as sub s t an t ial as t ho se fo r anh yd rous ammonia . Fo r t he United 
St ates , t he average retail p rice o f  ammonium nit rate dec line d  b y  
2 2  percent , when e xpre s sed in curren t p ri ce s ,  f rom $ 8 3  per t on in 
19 5 1  t o  $ 64 . 70 p e r  ton in 1 972 . As in the cas e o f  anhyd ro us ammonia , 
the mos t noti c eab l e  p rice de clines o ccurred d uring the peri o d o f  
ove rexpan sion .  
Again th e mos t  s igni fic ant price decreases occurred in the 
Eas t North Cent ral re gion and the West North Cent ral re gion where the. 
average re tail price o f  ammonium nit rate declined b y  24. 6 p e rcen t and 
25 . 1  p e rc en t , re spec tively ,  for the period 1951-19 72 . The average 
ret ai l  p ri ce of ammonium nit rate also de clined s ignif ic ant ly in th e 
Eas t South Cent ral region and the Wes t  South Cen t ral region . Fo r 
these re gions , the ave ra ge re tail price decre as e d  b y  19 . 7 p e rcen t  
an d  20 . 9  pe rcen t ,  re spec tive ly . As w ith t he average retail p rice o f  
anhydrous ammon ia , the re were cons iderable in ter�egional d i f ferences 
in the avera ge re tail price of ammonium nitrate. In 1 9 72 , the Paci fic 
31 
re gion and the New En gland re gion showed the highes t ave rage retail 
prices ; these were $ 7 6 . 30 per ton and $ 7 3  per t on ,  res p e ctively .  Tab le 
5 con tains a summary o f  the average retail p rice of ammonium nit rate 
by re gions an d the United St ates fo r select e d  y ears durin g the p erio d 
1951-19 72 .  
THE ROLE OF COOPERATIVES 
IN THE FERTILI ZER INDUSTRY 
Farme r-owned c ooperatives have b ecome important in at least 
two se gmen ts of the fertilize r indus t ry. Co operatives play an importan t 
Region 
New 
.
England 
Mid Atl antic 
Ea.st North Central 
West North Central 
South Atlan t_ic 
Eas t  South Central 
Wes t South Central 
Mountain 
.TABLE 5 
Average Retail Price Paid by Farmers for Ammonium Nit rat e ,  
b y  Regions and Unit ed States , Selected Years , 19 51-19 72 
Year 
19 51 19 55 19 60 . 19 65 19 70 19 71 
- Price Per Ton of Amroonium Nit rat e ( $) a -
9 5 . 00 102 . 00 95 . 00 9 0 . 00 69 . 50 10 . 00 
86 .• 60 95 . 40 86 . 50 85 . 00 6 4 . 60 6 7 .  30 
87 . 40 93. 80 82 . 60 79 . 40 6 1 . 0 0  6 4 .  30 
8 3 . 10 8 8 . 80 80 . 30  76 . 30 5 8. 10 6 1 .  30 
82 . 70 89 . 00 79 . 40 78. 70 60 . 10 6 3 . 90 
78. 5 0  82. 90 78. 00 76 . 70 56 . 80 60 . 80 
80 . 40 85 . 10 82 . 10 77 . 50 5 7. 40 6 2 .00 
91. 40 98 . 80 87 . 10 83. 80 6 7 . 80 6 8 . 50 
(" 
.. 
19 72 
73. 0 0  
71. 60 
6 5 . 9 0  
62 . 20 
66 . 20 
6 3 . 00 
6 3 . 60 
69 . 70 
w N 
Region 19 5 1  19 5 5  
TABLE 5 (continued) 
19 60 
Year 
1965 19 70 1 9 71 
- Price Per Ton o f  Ammonium Nit rate ( $) a -
Paci fic 90 . 00 99 . 20 90 . 70 
United S tates 83 . 00 89 . 20 8 1 . 60 
aPrices as of April 15 , 195 1  - April 15 , 19 7 2  
Sources : 
Data for 19 5 1-19 60 : Hef felbower , pp . 8-10 . 
Data for 19 61-19 7 2 : Same as Tab le 4 . 
·. 
90 . 40 
78 . 70 
r"' '-
78. 80 77 . 70 
6 0 . 00 . 6 3 . 30 
19 72 
76 .  30 
6 4 . 70 
_:_ 
VJ 
VJ 
role in the production of s ynth etic anhydrous amnxmia an d  in retail 
distribution. Cooperative net sales of fertiliz er acco un t ed for 
approximately 14 . 4  percent of all fertiliz er expenditures in th e 
Unit ed States in 19 5 1 ; by ·19 7 2  cooperative net sales amounted to ab out 
30 . 5  perc ent of all expenditures ·  for fertiliz er . The growth in 
- fertiliz er us e  in th e Midwes t produc ed m�ch of th e s u c c es � of coopera­
tives in expanding their net fertiliz er s al es an d  increa s ing th eir 
market share . During th e period of expanding fertiliz e_r us e ,  cooper�-
tives were well es tab lished in this area and provid ed th e neces sary 
distribu tion channels . Als o ,  part of th e succes s  of th e c ooperatives 
34 
was due . to th eir c us tomer s ervices.; cooperatives emphas iz e  high-analysis 
. 
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fertiliz ers ,  b ulk b l ending b as ed on soil tes ts , and bu lk s preading. 
Production. by Cooperatives 
Tab l e  6 contains d ata concern ing the annu al des ign capacity 
for anhydrous ammonia production and t�e actual production of anhydrous 
ammonia b y th e entire indu stry and by cooper ative producers . Als o  
included is th e share o f  cooperatives in th e production of ·anhydrous 
ammonia . As shown in Tab le 6 ,  th e cooperative share of t�tal anhydrous 
ammonia production st eadily increas ed from
. 
6 . 6  percent in 19 60 to 
ab out 20 . 4  per c en t  b y  19 70 . Similarly , cooperatives increas ed 
th eir share of th e tot al annual design capacity of the industr
y . The 
annual design capacity of cooperatives amo unted to 7 . 8 percent
 of the 
2 0 Gal e ,  p. 3 5 .  
�· ' " ..  . ' 
TABLE 6 
Desi gn Annual Capacity o f  Indus t ry ' s and Coope rat ive ' s  
Anhydrous Ainmonia Plants and Cooperat ive Share o f  the Market ,  
S e lected Years , 1950-19 72 
Indus t ry Cooperat ive Coop- Coop-
Des i gn  Des i gn  erat ive Indus t ry e rat ive 
Year Cap acity · cap acity Share Product ion P ro duction 
35 
Coop-
e rative 
Sha re 
- 1 , 000 tons - - percent - - 1 , 000 t on s  - - percen t  -
1950 1 , 8 8 8 . 6 o . o  o . o  1 , 565 . 6 o . o o . o  
19 60 4 , 100 . 0  322 . 5 7 . 8 4 , 7 30 . 8 312 . 6  6 . 6  
19 65 8 , 5 8 5 . 0 1 , 181 . 0  13. 8 8 , 105 . 8 9 55 . 1  11 . 8 
19 70 16 , 500 . 0  3 , 084 . 0  18 . 4  13 , 079 . 8  2 , 6 69 . o  20 . 4  
19 72 17 , 2 36 . 0 3 , 256 . 0 18 . 7  
S ource : Mathe r ,  p .  10 . 
� . . . ;; •  
• 71 
indus·try ' s  total capacity in. 19 6 0 , but by 19 7 2  this had increased to 
1 8 . 7 percen t .  
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Cooperatives also  increased their share of the indus t ry ' s  
total capacity for th e produc tion o f  ammoni um nit rat e. The indus t ry ' s  
annual des i gn  capacity for annnonium nit rat e and the share o f  cooper­
atives is shown in Table 7 .  In 1965 , coop.erat ives accotmted for ab out 
27 . 5  percent o f  the indus t ry ' s  total capacity for ammonium nitrate 
production . By 1 9 7 2 , cooperative annual des i gn  capacity had increased 
to 36 . 2  percent of the total annual des ign capacity of the indus t ry .  
Cooperat ives also accounted for a sub stan tial p roportion o f  th e 
indust ry ' s  actual p rod.uction o f  ammonium nit rate . Tab le 8 contains a 
tabulation o f  tot al indust ry product ion of anuronium nit rate , p roduction 
of ammonium nitrate by cooperat ives , !111d the share o f  cooperat ives fo r 
selec ted years . As shown in Table 8 ,  cooperatives increas ed their 
share o f  the indus t ry ' s  total produc tion of annnonium nit rat e  from 
26 . 0  percent for the year 19 59-60 to 32 . 5  pe rcent for the year 1 9 6 9 -70 . 
The Market Share o f  Cooperat ives 
An in dication o f  the importance of coope rat ives at the retail 
level is given by the market. share of cooperat ives . '!he market share 
of cooperatives is expres sed as the perce�tage o f  tot al fe rti liz er 
expenditures that are accounted for by cooperative net sales o f  fer­
tilizer. Tab le 9 contains a surmnary o f  the market share o f  cooperatives 
by regions and fo r the United Stat es for selected years . As shown in 
· 1 
· Year 
1 96 0  
19 65 
19 70 
19 72 
TABLE 7 
·Annual Des i gn Capacity o f  Plants Producin g Ammon i um 
Nit rate fo r Al l Firms an d  by Coope rat ives , 
S elected Years , 1960-19 72 ' 
To t al Annual Total Annual 
Capa city . for Capacity for 
3 7  
Cooperat ive 
Sha re o f  
All Firms Cooperat ives Tot al Capa city 
- 1 , 000 tons - - p ercent -
302 . 5  
2 , 71 7 . 0 74 8. 0 2 7. 5  
4 , 0 2 8 . 0 1 , 090. 0  2 7 . 1  
3 , 590 . 0  1 , 300 . 0  36 . i  
Source : Mather ,  p .  1 3 .  
Year 
19 59 -60 
19 64-65 
19 69-70 
TABLE 8 
Production o f  Ammonium Nit rate by All Firms an d  b y  
Coope rat ives , and Cooperative Share o f  Pro duc t ion , 
, Selected Years , 19 60-19 70 
Production o f  
All · Firms 
335 . 0  
72 6 . 4 
1 , 065 . 9  
S ource : Mather, p .  16 . 
Production o f  
Cooperatives 
87 . 2  
186 . 7 
346 . 4  
Cooperat ive Share 
of Total Product ion 
26 . 0  
2 4 . 5  
32 . 5 
3 8  
TABLE 9 
Cooperative Net S ales o f  Fertilizer Expres s ed as an Estimated Percent age 
o f  Tot al Fertilizer Market S �es , by Re gions and Unit e d  S tat es , 
S elec ted Ye ars , 1 95 1-1972 
Year 
Region 19 51 19 5 5  19 60 1 9 6 5  19 70 1 9 7 1a 
- Percen t · o f Total S ales -
New England 2 1 . 7 2 7 . 5 35 . 5  39 . 6  5 3 . 2  48. 0 
Mid Atlantic 23. 8 30 . 1  28. 0  44 . 4 ·42 .  7 4 1 . 8 
East North Central 16 . 6  2 7 . 1 31. 7 2 8 . 6 25 . 8  26 . 4  
. 
Wes t North Central 1 9 . 9 28. 3 36 . 0  . 39 . 6  36 . 6  37 . 8  
South Atlantic 9 . 7 12 . 3  15 . 2  1 6 . 7 20 . 7  ' 1 7 . 9 
East South Cent ral 15 . 0  23. 5 31. 7 39 . 5  41 . 8  39 . 2  
West South Central 1 3 . 5 16 . 0  19 . 0  20. 0  19 . 3  18. 9 
Mountain 6 . 5  8 . 8 --- 19 . 1  20 . 8  20 . 4  
1 9 72 a 
5 2 . 6  
. 4 8 . 4 
26 . 7 
39 . 4  
20 . 1  
42 . 9  
20 . 2  
21. 3 
__:. 
""' 
'° 
- ·  
Region 1 9 5 1  19 5 5  
Pac i fic 8 . 8 13. 2 
United States 14 . 4  21 . 1  
aEstimated 
TABLE 9 ( continued) 
19 60 
Year 
1965 1 9 70 
- Percent o f  Tot al Sales -
14 . 1  2 3 . 7 2 9 . 8 
2 5 . 4 2 8 . 9 2 9 . 3 
1 9 71 a 1 9 72 a 
2 5 . 8 2 8 . 4 
2 8 . 6 30 . 5  
Source : Computed from dat a  on coope rative net sales o f  fert iliz er and dat a on total expen­
ditures for fertiliz er. 
' t;  .. : 
::--0 
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Tab le 9 ,  fo r the en tire United S tates , the market share o f  cooperat ives 
increas ed from 14 . 4  percent o f  t o t al expendit ures for fe rt iliz er 
:in 19 5 1  to ab o ut 30 . 4  per cen t in 1972 . 
Coop e rat ives s ub s tantially increas ed their market power 
in each region . For examp l e , in 1951 , the market share o f  .coop eratives 
was only 8 .  8 per cen t in the Paci fic re gion and 9 .  7 percent in the 
South Atl an t i c  region . In 19 7 2 , coope rat ives had in creas e d their 
market share in the s e  re gions t o  ab out 2 8 .  4 percent an d  2 0 . 1  p e rcent , 
res pectively . In 197 2 , coope r at ive net sales o f  fe rtilizer ac co unted 
for app ro ximately 29. 4 pe rcen t  o f  total fert ili z er exp enditures in 
the Wes t Nor th Cen t ral re gion , an d  2 6 . 7 pe rcent in the East No rth 
Cent ral re gi on . 
The Numb er o f  Cooperative� 
Although the market share o f  coope rative s  in creas ed in every 
region durin g the perio d 19 5 1.- 19 7 2 ,  the numb er of cooperatives handlin g  
fert i l i z e r a t  the retail  level dec l ined in five o f  the nine re gions .  
For th e en t i re Unit e d Stat es , the numb e r  o f  coo p erat ives at the ret ai l 
level incre as ed from 3 , 5 2 1 :In 1951 to an es timate d 4 , 509 in 19 7 2 .  
The numb er o f  co ope rat ives han dlin g fe rt ili z er a t  the ret ai l  level 
de creas ed in th e New En g land re gion , South At lan tic re gion , and the 
Paci fic region .  For examp le , th e re were 334 coop erat ives handlin g 
ferti liz e r  at the ret ail l eve l in the Mid At lanti c re gi
on in 1 9 5 1 ; 
L 
by 19 72 the number had decreased to ab out 201 . Similarly , in the Eas t  
North C en t ral re gion . the number o f  cooperatives handlin g fertilizer 
at the ret ai l  level declined from 9 1 7  in 19 51 to ab out 7 5 7  in 19 72 . 
Although the number o f  coope ratives at the retail level decl ined 
in these re gions , the in creased market share of cooperatives indicated 
that the remainin g fi r� have grown sub stantially. 
The number of cooperatives at the re tai l  leve l in creased in 
the Wes t No rth Central region where the nunb er o f  cooperatives at the 
ret ail level increased from 1 , 104 in 19 51 to approximately 2 , 04 7  in 
19 7 2. In the Wes t South Central re gion , the numb er of cooperat ives 
increas ed f rom 283 in 19 51 to ab out 474 in 19 72. Dat a fo r the n umber 
of cooperat ives handlin g  fertilizer at the retail level by re gions 
and for the Uni t ed Stat es are given in Tab le 10 . 
SUMMARY 
Durin g the perio d 19 51-19 7 2 . the con sumpt ion o f  commercial 
fertilize r in creased dramatically. Associat ed with the growth in 
the fertiliz er market was a shi f t  in the pat tern of fert ilizer 
consumpt ion .. Increas ed demand and market growth stimula t e d  the entry 
of new fi rms and the expansion o f  exis tin g  p roducers • 
. Coope ratives in partic�ar have become in creas ingly import an t  
in both the p roduction and ret ailin g  o f  nit rogen fe rt ilizers . Coop­
eratives p roduced ab out 20 . 4  percent of all anhyd rous amnx>nia p ro duced 
in· the Unite d  States in 19 70 and ab out 32 . 5  percent of all ammonium 
nitrate . At the re t ail · leve l ,  cooperative� consistently inc re
ased 
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· 1 
Region 
New England 
Mid Atlantic 
Eas t North Central 
Wes t North Cent ral 
South Atlantic 
East South Central 
Wes t South Cen t ral 
Mountain 
TABLE 10 
Numb er o f  Coope rat ives Handlin g Fe rt iliz er at the Retail Level , 
by Regions and United States , Select ed Years , 1 9 5 1-19 7 2  
Year 
1 9 5 1  19 55 19 60 19 6 5  19 70 1 9 7la 
6 3  41 40 51 34 35 
334 339 32 1 2 90 2 2 9  211 
9 17 9 16 87 8 831 766 766 
1 , 104 1 , 4 6 3  1 , 869 . 1 , 9 79 1 , 9 9 7  2 , 0 35 
250 312 3�2 256 2 35 2 31 
245 2 37 250 26 8 26 7 2 72 
283 270 319 41 3 4 37 46 5 
12 5 100 19 8 2 30 2 30 240 
1 9 72 a 
35 
201 
75 7 
2 , 04 7 
228 
2 74 
4 74 
242 
� 
w 
Region 19 51 19 5 5  
Paci fic . 304 . 2 79 
United States 3 , 5 21 3 , 810 
aEstimated 
Sources : 
TABLE. 10 ( continued) 
19 60 
26 3 
4 , 338 
Year 
19 65 
248 
. 4 , 40 9  
Data for 19 51�19 60 : Hef felbowe r , pp . 34-36 . · 
1 9 7 0  19 71 a · 1 9 7 2 a 
245 2 38 2 37 
4 , 2 94 4 , 50 7  4 , 509 
Data for 19 6 1-19 70 : Statistics of Farmer Cooperatives , Farmer Cooperat ive Service , United 
States Dep artment o f  Agriculture , Washin gton , D. c. , 19 61-19 70 . 
� � 
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their. market share o f  total fertilizer sales in all s t ate s and re gion s .  
B y  19 72 , the net · sales o f  fe rt ilizer ma d e  b y  the
.
4 , 5 0 9  coop e ratives 
handlin g fert iliz er at the ret�il level accoun te d  fo r app roximat ely 
30 . 5  percen t  of t o t al exp endit ures for fe rti liz er and lime in the 
United States . 
Chapt er 3 
RESULTS OF THE ANALYSIS 
S.tep-wise mult iple re gress ion analysis was the stati s t ical 
metho d utilize d  in the study. For each st ate an d region , a mult iple 
regres s ion equat ion was es t imate d .  The re gress ion mo de l  and the 
res ults of the an a lysis are given in this chap te r. 
TH E  GENERAL REGRES S ION MODEL 
The gene ral re gress ion model us ed in this s t udy was rep res ented 
by the equat ion 
y u Bo + B1X1 + 82X2 + $ 3X3 + B4X4 + µ 
where the B i  ( i a O ,  1 ,  2 1 3 , 4) rep r�sent the- t rue re gre s s ion coe f-
ficients . The remain in g variab les rep resent the followin g :  
Y • th e avera ge annual retail price of anhydrous ammonia 
or annnonium nit rate , expressed in terms of cons t ant 
dol lars pe r ton of material ; 
x1 • the marke t share o f  cooperat ives ; 
x2 • the numb e r  o f  cooperat ives handlin g  fe rt ilizer at the 
re t ail leve l ; 
x3 • est imat ed farmer expen ditures for fertilizer and .lime ,  
exp re s s ed in constan t  do llars ; 
x4 • an e s t imat e of the average cos t  of anhydrous ammonia 
pro d uct ion expres sed as dollars per ton of ammon ia 
46 
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p ro d uc ed ; and 
l.t = error t erm. 
The l eas t s quares e s t imates of the ac tual regre s sion coe f ficient s 
were c al cul at e d  in a s t ep-w is e  manne r. In the analys is , the inde­
penden t or e xplana tory variab le s  were entered in t o  the regre s sion 
equat ion one at a t ime. For e ach individual s t at e  and region , the 
Pears on p ro duc t-moment co rrelation coe f ficient was comput e d  fo r the 
dependent variab le and e a ch o f  t he independent var iables. The explana­
tory variab l e  w ith th e lar ge st s imple co rrelation c o e f ficient in ab so­
lute val ue was ent ered in to th e e st imated regres s ion equation firs t .  
Aft e r  t he addition of each explanatory variabl e  to the re gres­
s ion equat ion , the l east s q uares estimat es o f  the t rue regres sion 
coe fficients were c al cul ate d. Al so ,, the mul tiple correlat ion coe f­
ficien t ,  adj us t e d  fo r de grees o f  f ree dom, was comput e d  fo llowin g the 
addition o f  e ach exp lanatory variable .  Th e  adj ust e d  coef fici ent o f  
mul tiple det e rmin a ti on , den oted by R
2
, was also c al cul ate d  in th is 
step-w is e rranne r. 
Fo r e xample , for the s tate o f  Maine (see Tab le 11 , P • 52 ) , the 
level of farmer e xpen di ture s fo r fertilizer and l ime was the first 
explanatory var iabl e  ent ered. In thi s  cas e , 
R2y • 3 = 0 . 591. '!his 
value rep resented th e adj us te d  c oe f ficient of mul t ip le 
determination 
fo r the e s t imated re gres sion equation cont aining on
ly one independent 
variab le . In this e xample , t he market share of
 coopera t ives was the 
� • �· I 
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second eA1Jl an atory variab le en te red ; the numb er o f  coope ratives 
handlin g  fe rt ilize r was en te red third , and th� avera ge cos t o f  armnonia 
product ion was entered las t .  Thus R2y • 3 , l , 2 , 4 = 0 . 6 16 was the adj usted 
coe f ficien t o f  mult ipl e dete rminat ion for the e s t imat ed re gre s s ion 
equation con tainin g all four explanatory variab l es .  
The adj us te d coe f ficient o f  mult iple determinat ion is a. measure 
of the explan at o ry powe r o f  the in depen dent variab les . That is , the 
value may be inte rp rete d as the proportion o f  the variation in the 
dependent variab l e that is accoun ted for by the es timat ed re gres sion 
equation . Thus , fo r the stat e  o f  Maine , R2 y• 3 = 0 . 591 may b e  inter­
preted as meanin g that app roximately 59 . 1  percent of the variation in 
the p rice o f  ammonium ni t rat e was explained by the est imat e d  regres sion 
equation in cludin g the level o f  expenditures for fertili ze r as the 
only explan at o ry variab le .  Siru.la rly , when all indepen den t  va riab les 
were inc l uded , the e s t imated r gress ion equation ac co unted for ab out 
6 1 . 6 pe rcen t  o f  the variation in the retail price o f  ammonium nit rate 
in the s t ate o f  Maine . 
For each o f  the es timat ed re gress ion eq uation s , the computed 
value for the coe ffic ien t  o f  multiple determination was t es te d  for 
statistical s igni fican ce at various con fidence levels following the . 
addition o f  each explanat o ry variab le . Each expl anatory variab le 
was te s t ed with a sequen tial F-t es t .  The sequential F-test is 
ac tually a tes t con cernin g the true regres s ion coe f ficien
t .  
independen t variab le xt' the null hypothes is i s  that Si = O . 
Fo r any 
I f  the 
computed F-value is suf ficient ly large , the null hypo thes is may be 
rej ected in favor o f  the . alternative hypothesis that the t rue 
re gres s ion coe f ficient is non-zero . 21 For any le.vel of con fidence , 
the critical value is the tab led F-va lue with 1 and n-k degrees o f  
freedom ,  whe re n is the numb er o f  ob servations an d  k is the numbe r  o f  
estimated coe f ficients . A signi ficant F-value may h e  interp reted as 
meanin g that the varia� le entered adds to the explanat o ry power o f  
the re gres sion equation . 
Again us ing the state o f  Maine as an examp l e ,  the leve l  o f  
4 9  
expendit ures f o r  fertilizer an d  lime was the first in dependen t variab l e  
entere d .  In th is case the computed F-value was 2 3. 201 , which was 
significant at the 1 percent level . Similarly , the computed F-values 
for the remainin g independent variab �es were not st atistically sig-
ni ficant . Consequently ,  the level of farmer expendi tures for fertil-
ize� and lime was the on ly exp lanatory variab le significant ly asso-
ci at ed with the re tail p rice o f  ammonium nitrate. 
Tab le 11 , pp . 52-5 9 ,  and Tab le 12 ·, pp . 6 7- 7 3 ,  cont ain the 
res ults of the analys is for ammonium nitrate and anhydrous ammonia, 
respective ly . Tab les lA and 2A, pp . 97-106 , cont ain the calculated 
regression equations .  Res ults are given by states , regions , an d for 
the United States . In each case , the adj usted coe fficient o f  multiple 
deter�nation , the order in which the independent variab les were 
entered into the re gres s ion equation , the comput ed F-value _ for the 
sequential F-t es t , and the number of ob servat ions are given . 
21No rman Draper an d Harry Smith , Applie d Regres s ion Ana
lysis , 
(New York : John Wiley · and Sons , Inc . ,  19 66 ) , PP • 7 1-72 . 
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THE RESULTS FOR AMMONIUM NITRATE 
The res ults o f  the multiple re gres s ion analysis for ammonium 
nit rate showed a st atist ical ly significant as sociat ion b etween the 
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average ret ail price of annnonium nit rate and the explanatory variab les . 
In each stat e  an d  region , the est imated regres s ion equations were st atis­
tically signi fican t  at the one pe rcent level of con fiden ce .  For mos t 
cases , a lar ge p roportion o f  the variation in the ret ail p rice o f  
ammonium nit rate was exp lained by only one o f  the independen t  variab les .  
Also , in mos t  ins t an ces , only one or two of the independent variab les 
were foWld to b e  signi ficant explanato ry  variab les by us in g  the 
sequential F-tes t .  
There were cons iderab le di f ferences _ in the impo rtan ce o f  each 
explanatory variab le in the stat es and. regions cons idere d .  Both the 
level o f  expendit ures for fe rt ilizer an d  the average cos t  o f  ammonia 
· production were found to be s i gnificant explanatory variab les in the 
New Engl an d  region . Mo re than 90 pe rcent of the explained variation 
was accounted for by the level of expenditures . There were five 
individual st ates in this re gion fo r which data were avai lab le . O f  
thes e  five in divi dual states , .  the market share o f  cooperatives was 
-found to be s i gni fican t  in three : Verm:>nt , Connec ticut , and Mas s a-
, chus etts .  The numb er o f  cooperatives was si gni ficant in only one 
. st ate , while the leve l of expendit ures was found to be a signi ficant 
explanatory variab le . in three states . Finally , the avera ge
 cos t o f  
ammonia p roduct ion was signi ficant in only two states . 
The res ult s indi cated that in this region , the market sha re o f  
cooperatives and the extent of expendit ures were s i gn i fican t ly as so­
ciated with the market p rice of ammonium nitrate . In the New England 
region , the use of commercial fe rti lizer was limited. B ec ause o f  
the limited demand fo r fe rtilizer and the small geo graphical area 
included in the region , the numb er of firms handl in g fe rtilizer was 
. res t ricted. In such a re gion , the market pri ce was · as soc iat ed with 
the market share of the finns at the ret ail leve l .  Tho.s e firms with 
the largest market share were in a position to exert in fl uence over 
market p rice . The market share of cooperatives was ab out 5 2 . 6  percent 
o f  total expendit ures in the New England re gion in 19 72 . S imi�arly , 
the demand for fe rti lizer affected the market p rice in the re gion . 
The increas e in ' deman d  o r  expenditures allowed the few exi s t ing firms 
to lower cos t s  by increas in g  their sales volume. As the res ult s 
indicate , in· areas o f  limited fertilizer us e  where the numb er o f  
firms is smal l ,  the ret ail p rice of ammonium nit rate was as so ciated 
With the deman d for fertilizer and the market share of cooperatives . 
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There were three indivi dual states included in the Mid At lan tic 
region . For the region , the numb er of cooperatives an d  expenditures 
for fertilizer were found to be signi ficant explanatory variab les . 
These two in dependent variab les were found to be signi ficant in each
 
of the indivi dual s tates . In Pennsylvania , the market share
 o f  
cooperatives an d  the average cos t o f  aumnnia product ion
 were also 
sign if ican t.  
•, . �· , 
TABLE 11 
Results of th e Mult i p le Regression Analysis 
for Ammonium Nit ra t e  by States , Re gions 
an d  the Unit ed States 
Coe fficient o f  
State or Multiple  
Region Determination* 
Maine R2y- 3 =0 . 5 91 a 
R2y• 3 , l  =0 . 6 30a 
R2y• 3 , l , 2 =0 . 642 a 
R2y• 3 , l , 2 , 4=0. 616
a 
New R2y- 4 
Hamp sh ire R2y• 4 , 3  
= 0 . 757a 
Vermont 
Connect-
icut 
Mas sa-
ch us et ts 
Rhode 
Island 
New 
Fngland 
New Yo rk 
= 0 . 8 3 5 a  
R2y • 4 3 2 =0. 865a ' , 
R2y• 4 , 3 , 2 , l=0� 856a 
R2y• l =0 . 74la 
= O .  972a R2y• l , 3 
R2y" •  1 ,  3 , 2 = O. 96 8a 
R2y • l , 3 , 2 , 4=0 . 964a 
R2y• l =0. 766a 
R2y • l , 2  = O .  843
a 
R2y• l , 2 , 4  =O o 86la 
R2y• l , 2 , 4 , 3=0 . 854a 
R2y • l =0 . 814a 
R2y • l , 4 =0 . 8 8 9 a  
R2y • l  4 3 =0 . 8 82a 
R2y • 1 :4 : 3 , 2=0 . 8 74a 
Insu f f ic ient Dat a 
R� · 3  =0 . 9 02a 
R5r · 3 , 4  =0 . 935
a 
R� · 3 t 4 , 2  =0 . 94 1a 
R2), • 3 , 4 , 2 , l=0 . 937a 
R� · 3 =0. 889a 
R2)r • 3 , 2 = 0 . 935a 
R2y • 3 , 2 , 4  =0 . 937a 
R2y • 3 , 2 , 4 , l=0 . 935
a 
Explanatory 
Variab le Computed 
Entered · F-Value 
X3 2 3. 201a X1 2 . 624 X2 1. 3
79 
X4 0 . 002 
X4 46 . 703a 
X 3  7 .  96 6h 
X2 4 . 128 X1 0. 02 7  
x 22 . s33a 
xl 6 5 . 094 a 3 
Xz 0 . 209 X4 0 . 001 
x 39. 060a 1 6 . 897b X2 
x 2 . 226 
x4 0 . 420 3 
X1 70 . 116
a 
X4 11. s14
a 
X3 0 . 075 X2 0. 054 
X3 168. 149
3 
X4 9.
713a 
Xz 2. 655 
X1 0. 059 
X3 151 . 12 9
a 
Xz 14. 875
a 
X4 1 . 596 
X1 0. 017 
52 
Nmrh er 
o f  
Observations 
18 
1.7 
10  
' 7• I 
14 
18 
20 
21  
S tate o r  
Region 
New 
Jersey 
Pennsyl-
vania 
Mid 
Atlant ic 
Illino is 
Ind iana 
· Ohio 
Michi gan 
Wis con-
sin 
TABLE 11 ( con tin ued) 
Coe f ficient o f  
Mult iple 
Dete rminat ion-.? 
R2 y• 2 = 0 . 8 7 2 a  
=O.  92 oa R2 y· 2 , 3  
R2 y• 2 , 3 , l  = 0 . 91 6a 
R2 y• 2 , 3 , 1 , 4= 0 . 91 2 a 
R2 y• 3 =0 . 904a 
R2 y• 3 2 = O .  94 3a 
R2 y• 3 : 2 , 4 = 0. 9 5 2a 
R2 y• 3 , 2 , 4 , l=0. 960a 
=O. 8 7 2 a  R2 y• 2  
R2 y• 2 , 3  =0. 897a 
R2 y• 2  3 4 = O  902a 2 ' ' • R y • 2 , 3 , 4 , l= 0 . 89 9a 
2 = 0 .,  7 7la R .,,. 4 
R2 � · 4 , 2 = 0 . 7 92 a  
R2y • 4 , 2 , 3 = 0 . 7 85a 
R2y• 4 , 2 , 3 , l=0 . 7 81a 
R2 y• 4 = 0 . 76 9a 
= O. 8 6 1 3  R2y • 4 , 2 
R2 y· 4 2 3 � o . 906a 
2 • " _ a R y  4 , 2 , 3 , 1-0 . 902 
=0. 8 7 88 R2y • 2 
R2y • 2 , 3  = 0 . 9 2 7a 
R2y • 2 , 3 , 4 = 0 . 94 9a 
R2y • 2 , 3 , 4 , l=0 . 94 7a 
R2y • 2 = 0. 9 08 a 
R2y • 2  1 =0. 925 a 
2 ' a R y • 2 , l , 3  = 0 . 922 
R2y • 2 , l , 3 , 4= 0 . 91 8 a  
R2 y • 4  = 0 . 7 6 2 a  
R2y • 4 , 3  = 0 . 7 6 6a 
R2y • 4 , 3 , l  = 0 . 7 8 1a 
R2Y • 4 , 3 , 1 , 2= 0 . 7 6 9 a  
Explanato ry Variab le 
Entered 
Xz 
X3 x 1 
X4 
X3 
X2 X4 
xl 
Xz X3 
X4 
X1 
X4 
Xz 
X 3 
Xl 
X4 
X z 
X 3  x 1 
.,,. ''"? "" 
X3 
X4 
X1 
Xz 
X1 
X 3 
X4 
"'" A4 X3 
X1 
Xz 
5 3  
Numb er 
Comp ut e d  o f  
F-Val ue Observat ions 
12 9. 36 8a 2 1 
1 1 . 8 8 8a 
0 . 16 7 
0 . 1 84 
181. 0 l Oa 21 
1 3 . 41 8 a 
4 . 5 54b 
4 . 6 6 6b 
1 2 9 . 1 8 6� 2 1  
5 . 44 7  
2 . 18 7 
0 . 300 
6 3. 6 15a 2 1  
2 . 926 
0. 366 
0 . 6 1 7  •. 7· , 
6 3. 1 7 7 a 21 
1 3 . 4 32 a  
9 . 7 36 a  
0 . 15 9 
1 36 . 192a 21 
1 3 . 984a 
8 . 0 7 4b 
0 . 708 
1 86 . 386 a 2 1  
s . 364b 
0 . 21 3  
0. 0 7 6  
61 . 105 a 2 1  
1 . 2 39 
2 . 10 8  
0 . 155 
TABLE 11 ( cont inued) 
S tate or 
Region 
Eas t  
North 
Cent ral 
Coe f fic ien t o f  
Mult ip l e  
Determin at ion* 
R2 y•2 =O . 794 a 
R;y- 2  , 1  =O . 852 a 
R y•2 , 1 , 4 = 0  .. 86 3 a 
R 2 y'! 2 , 1 , 4 , 3= 0 .  8 72 a 
Minneso t a R2 y• 3  = 0 . 8 84 a 
R2 y• 3 , l =O e 91 8 a 
Iowa 
Mis souri 
No rth 
Dakota 
South 
Dakota 
Nebraska 
Kansas 
R2 y• 3 , l , 4  = 0 . 91 6 a  
R2 y• 3 , l , 4 , 2=0 . 912 a 
R2 y- 4 � o .  7 71 a 
=0. 8 0l a  R2 y- 4 , l  
R2 y- 4 , l , 3  = 0 . 826 a 
R2 y • 4 , l , 3 , 2=0. 8 1 7 a 
R2 y•2 = O. 865 a 
=O . 8 76 a  R.2 y- 2 , 1 
R2 y- 2 1 4 = 0. 8 74 a  
R2 y- 2 : 1 : 4 , 3=0 . 8 7 6  a 
= O.  824 a R2 y- 3 
R2 ye 3 , 4 = O .  8 3 5 a 
R2 y• 3 , 4 , l =0 . 8 37 a 
R2y · 3 4 1 2=0. 8 5 2 a  ' , ' 
R2y� 3  =0 . 8 6 9 a 
=0. 949 a R2 y- 3 , l  
R2y• 3 1 2 = 0. 95 4 a ' ' 
R2y • 3 1 2 4=0 . 9 5 3 a 
R2y • 2 
' , , 
= O. 85 9a 
=0. 9 10a R2 y• 2 , 4  
R2y • 2 4 1 =0 . 9 1 8a ' ' 
R2y • 2 4 1 3=0 . 92 0a 
R2y• 3  
, , ' 
=0 . 85 7 a 
=0 . 8 7 4 a  R2 y• 3 , l  
R2y • 3 , l , 4  =0 . 870 a 
R2 Y• 3 , l , 4 , 2= 0. 86 3a 
Explanatory 
Variab le 
Entered · 
X z 
X 1 
X 4 
X 3 
X 3 
X 1 
X 4 
X z 
X 4 
X 1 X 3  
X z 
X z 
X l 
X 4 
X 3 
X 3 
X 4 
X 1 
X z 
X 3 
X4 
X l 
Xz 
X z 
X4 x 1 
X 3 
X3 
X1 
X4 
Xz 
Computed · 
F-Value 
144. 504 a 
a .  375 a 
2 . 50 9  
2 . 094 
144 . 50 4  a 
8 .  7 7 9 3 
0. 70 7 
0 . 112 
6 4 . 112 a 
3 . 834 
3. 5 38 
0. 044 
121.  418 a 
2. 709 
0 . 66 1  
1. 1 5 1  
8 9 .  738 a 
2 . 15 2  
1 . 12 1  
2 . 6 7 3  
125 . •  4 1 8  
a · 
30. 2 83 a 
3 . 087 
o. 46 0  
115.  821 a 
ll. 4 04 a 
2 . 6 7 3  
1. 388 
114 . 084a 
3 . 5 49 
o . 406 
0 . 01 7  
. 54 
Nuiiiher 
o f  
Ob s ervations 
21 
2 1  
2 1  
2 1  
• 7· , 
2 1  
21 
2 1  
2 1  
St ate o r  
Region 
We s t  
No rth 
Cent ral 
Delaware 
. Maryl and 
Vir gini a  
We s t  
Virgini a 
North 
Carolina 
South 
Carolina 
Geo rgia 
TABLE 11 ( continued) 
Coe f fic ient o f  
Mult iple 
· D et ermination�� 
R2y • 3  = 0 . 846a 
R2y · 3 , 2  �o . a91a 
R2y • 3 , 2 , 4  =0 . 889a 
R2y • 3 , 2 , 4 , l= 0 . 882a 
R2y • 4  =0. 75 7 a 
=O. 796a R� · 4 , 3  
R2y • 4 , 3 , 2  =0 . 805 a 
R2y • 4 , 3 , 2 , l=0 . 7 96 a 
R2y • 4 =0 @ 700a 
R2y - 4 , 3 = 0 . 76 7 a 
R2y • 4 , 3 , 2  = 0 6 815a 
R2y • 4  3 2 l= 0 . 82 3a 
R2y • l 
' ' , 
= 0 . 82la 
= 0 . 86 3a R2y - l , 2  
R2y • l , 2 , 4  = 0 � 8 7 2a 
R2y • l , 2 , 4 , 3=0 . 8 76 a 
R2y • l  = O .  7 94a . 
=0 . 89 9a R2y - 1 , 2  
R2y • l 2 4 = 0 . 9 3 9a 
2 ' ' a R y • l , 2 , 4 , 3= 0 . 937 
R2y • l  = 0 . 826 a  
R2y • l , 3  = 0 . 8 85 a 
R2y • l , 3 , 4  =0 . 918a 
R2y • l , 3 , 4 , 2= 0 . 912 a 
R� · 4  =0 . 752 a 
R2y • 4 3 · = 0 . 848a :;r , a R • 4 , 3 , 1  = 0 . 8 72 
R2y • 4 , 3 , l , 2=0 . 8 7 2 3  
R� · l  =0 . 8 6 3a 
R:Y • l , 3  = 0 . 895 a 
R� · l , 3 , 2  = 0 . 914a 
R2)r • l , 3 , 2 , 4=0 . 91 2 a  
Explanatory 
Variab le 
Entered 
X3 
Xz 
X4 
x 1 
X4 X3 
Xz 
X
l 
X4 X3 
X2 Xl 
Xl Xz 
X4 X3 
X1 
X2 
X4 
X3 
Xl X3 X4 Xz 
X4 
X3 Xl X2 
Xl X3 
Xz x,� 
55 
Numb er 
Comp ute d o f  
F-Val ue · ob servat ions 
10 5 . 0 6 2 a  2 1  
8 . 8 3 3a 
0 . 39 7 
0 . 00 1  
5 8 .  906 a 2 1  
4 . 5 4 lb 
1 .  7 7 2  
0 . 2 1 8  
4 4 . 1 8 3a 2 1 
6 . 40lb 
s . 1 22 b  
1 . 5 2 8 
91 . 9 30 a 2 2  
6 . sssa 
2 . 3 32 
1 . 6 4 3 . �· � 
7 3. 102 a 2 1  
2 0 .  7 2 1  a 
1 2 .  95 3a 
0 . 2 4 9  
95 . 140a 2 2  
1 1 . 3 7 7 a  
7 . 98
6b 
0 . 08 7 
6 0 . 46 6 a  2 2  
1 3 . 6 0 1  a 
4 . 5 3 3b 
1 . 0 94 
12 5 .  2 16 a  2 2  
7 . 2 90b 
4 . 8 36b 
0. 6 2 1  
S tate or 
Region 
Flo ri d a  
South 
Atl anti c 
Kentucky 
Tennesse e  
Alabama 
Miss is-
sippi 
Eas t 
South 
Central 
Arkansas 
TABLE 1 1  ( cont inued) 
Coe f ficien t  o f  
Mult ipl e 
Determinat ion* 
R2y• 4 = O .  7 9z a 
=0 . 80 8a R2r 4 , l  
R2 y• 4 , l , 2 = 0 . 8 3 7 a 
R2y• 4 , l , 2 , 3=0 . 830 a 
= 0. 882 a R2y - l 
R2y • l , 4 =0 . 9 12 a 
R2y• l , 4 , 2 = 0 . 91 2 a  
R2y • l , 4 , 2 , 3=0 . 9 0 8 a 
=0 . 89 9 a  R2 y• l 
R2y• l , 4  = 0 . 91 4 a  
R2 y• l , 4 , 3  = 0 . 9 08a 
R2y• l , 4 , 3 , 2= 0 . 9 04 a  
= O .  94 l a  R2y� l  
R2y• l , 4  = 0 . 94 9a 
R2 y- 1 , 4 , 2  = O. 9 4 9 a 
R2 y • l , 4 , 2 , 3= 0 . 94 7 8  
R2 y• l = O. 8 5 7 3 
•0 . 8 5 9 a  R2 y• l , 4  
R2 y• l 4 3 = 0 . 8 5 9 3 ' , 
R2 y• l , 4 , 3 , 2 =0 . 8 5 2 a 
=0 . 7 5 7 a R2 y• 4 
R2 y• 4 , 3  =0 . 8 72 a 
R2y • 4 3 1 =0.8 9 9 a  
2 • 
' ' _ a R y  4 , 3 , 1 , 2- 0 . 8 95 
R 2y- 1 =0 . 7 8 8  
R2y- l 4 · =0 . 8 3 3a 
R2y• l : 4 , 3  = 0 . 86 3a 
R2y • l , 4 , 3 , 2=0 . 88 9 a 
R2 y- 4  = 0 . 76 7a 
= 0 . 7 8 8 a R2y- 4 , 3  
R2y• 4 , 3 , l = 0 . 7 80 a 
· R2y. 4 3 1 2= 0 . 76 9 a  ' , , 
Explanatory 
Variab le 
Entere d  
X4 
. X1 
Xz 
X3 
Xl 
X4 
Xz 
X3 
Xl X4 
X3 
Xz 
X1 X4 
Xz 
X3 
X1 
X4 
X3 
Xz 
X4 
X3 
X1 
Xz 
X1 
X4 
X3 
X2 
X4 
X3 
X1 
Xz 
Computed 
F-Val ue 
7 5 .  916 a 
2 . 650 
4 . 3 76 
0 . 10 3 
1 4 9 . 8 9la 
7 . 706b 
1 . 0 2 8  
o. oos 
1 76 . 784a 
4 . 376 
0 . 049 
o. ooo 
318 . 6 2 2 a 
4 . 064 
0 . 9 88 
0 . 001 
120 . 6 2 6 a  
1 . 14 3 
0 . 8 9 9  
o. ooa 
6 2 . 0 3la 
19 . 2 9sa 
s .  a 9ob 
0 . 0 70 
74. 8 40 a  
6 . 265b 
s � os9b 
5. 06 7b 
6 2 .  7 2 6 a 
2 . 756 
o . 336 
0 . 05 9  
5 6  
NuIDber 
o f  
Ob s ervat i ons 
2 2  
2 2  
2 2 
2 2  
. ;. " 
2 2 
2 2  
2 2 
21 
5 7  
TABLE 1 1  ( contin ued) 
Coe f ficien t  of Explan atory Number 
S tate or Multiple Vari ab le Comput ed o f  
Region Determinat ion * Ent e red F-Value Ob s ervat ions 
Louisi- R2 y• 2 =0 . 876a Xz 1 33 . 9 34a 2 1  ana R2 r 2 , 4 = 0 . 89 13 X4 3 . 70 0 
R2 y• 2 , 4 , 3  =0 . 90 83 X3 4 . 364 
R2 y• 2 , 4 , 3 , l= 0 . 9043 X1 0 . 0 9 9  
Oklahoma R2 y- 2 =0. 86 1a Xz 1 1 7 .  35 4 a 2 1 R2 y• 2 , 3  =0 . 9 043 X3 9 .  s22a R2 y• 2 , 3 , 1 =0. 912 3 X1 2 . 3 9 3  R2 y • 2 , 3 , 1 , 4=0. 9083 X4 0 . 36 5  
Texas R2 y• 2  =0 . 912a Xz 194.  965 a  2 1  
R2 y• 2 , 1  =0 . 947a Xl 1 3 . 0 9 7a 
R2 y• 2 , l , 4  = 0. 952 3 X4 3 . 40 8  
R2 y• 2 , 1 , 4 , 3= 0 . 95 2 3 X3 0 . 6 84 
Wes t R2 � 2 = O. 9183 Xz 2 10. 04 7 a  2 1  
South R2 y• 2 , 3  = O .  916 a X3 0 . 5 0 3 Cent ral R2 y- 2 , 3 , 4  = 0. 9103 X4 0 . 0 2 8  
R2 y• 2 , 3 , 4 , l�0 . 904 3 X1 0 . 014 
• 7. ,, 
Mont ana R2 y- 3 =0 . 89la X3 156 .  35 0 3  2 1  R2 y• 3 , l  = 0 . 93la X1 ll . 86 8a 
R2 y• 3 , l , 2  =0 . 92 7 a  Xz 0 . 0 6 3  
R2 y• 3 , 1 , 2 , 4= 0 . 92 33 x,. 0 . 012 
Idaho R2 y- 3 =0 . 8353 X3 96 . 45 2 a  
2 1  
Rz y. 3-, 1  = O. 918a Xl 1 9 . 6 8 7a 
R2y• 3 , 1 , 4  = 0 . 914a X4 0 . 225 
R2y • 3 , l , 4 , 2=0. 90 83 X2 0 . 0 2 8  
Wyoming R2y• 3 =0. 86 93 X3 1 2 4 . 948a 21 
R2 y • 3 , 1  · =0 . 8 95 a X1 5 . 5 98b 
R2y• 3 , 1 , 4 =0 . 889 a X4 0 . 2 86 
R2y • 3 , 1 , 4 , 2=0 . 8843 Xz 0 . 113 
Colorado R2y• 3  =0 . 94 3 a X3 31 2 . 9 7la 21 
R2y - 3 , l = O .  96 0 3  X1 8 . 7 32 a 
R2y• 3 , 1 , 4 = 0 . 95 8a X4 o . 442 
R2y • 3 , l , 4 , 2=0 . 956 a Xz 0 . 001 
S tate or 
Region 
New 
Mexico 
Ariz ona 
Utah 
Nevada 
Mount ai n  
Washing-· 
ton 
Oregon 
Cali f  or-
nia 
TABLE 11 ( continued) 
Coe f ficien t  of 
Mult iple 
Determinat ion* 
R2y• 3  =0 . 7 8 0 a  
R2 • 3 4 = 0 . 8 3 0a y ' 
R2y • 3 , 4 , 1  = 0 . 8 3 7 a  
R2y • 3 , 4 , 1 , 2= 0 . 8 4 6 a  
= O .  76 7 a  R2y • 4 
R2y • 4 , l = 0 . 7 8 la 
R2y• 4 , 1 , 2 = O .  7 3 7 a  
R2y • 4 , 1 , 2 , 3=0 � 7 7 4a 
= O .  7 5 5 a R2 y- 4 
R2 y• 4 , 1  =0. 82la 
R2y• 4 1 3 =0 . 852 a · 
2 
' ' 
a R y• 4 , l , 3 , 2=0 . 8 4 3  
Insuffi ci ent Dat a 
R2y• 3  = 0 . 9 3 3 a  
R2 y• 3 , 1 =0 . 95 1 8  
R2 y• 3 , 1 , 4 =0 . 94 9 3 
R2 y• 3 , 1 , 4 , 2= 0 . 94 7 a  
R2 y• 4  = O . 75 7 a  
R2 y• 4 , 2  =0 . 7 7 4a 
R2 y- 4 , 2 , 3  = O .  7 7 3a 
R2y • 4 , 2 , 3 , l=0 . 7 7 3a 
R2y• 4 = O .  7 7 1a 
R2y • 4 , 1  ==O . 7 85 a 
R2y • 4 , 1 , 3  =0 . 7 8 5 a  
R2y • 4 , 1 , 3 , 2= 0 . 7 7 3 a  
R2y • l  = O . 7 92 a 
R2Y • l , 2  = 0 . 8 3 2 a  
R2y • l , 2 , 4 = 0 . 8 30 a  
R2y • l , 2 , 4 , 3= 0 . 8 3 3 a  
Explanatory 
Variab le Entered 
X3 
X4 
xl 
X2 
X4 
Xl 
X2 
X3 
X4 
X1 X3 
x 2 
X3 
X1 
X4 
Xz 
X4 
Xz 
X3 
X1 
X4 
X1 
X3 
X2 
X1 
X2 X4 
X3 
5 8  
Numb er 
Comp uted o f  
F-Val ue Obs ervat ions 
6 7 . 22 43 2 1 
6 . 6 05b 
1 . 1 7 1  
1 . 896 
62 . 726 a 21 
2 . 202 
1 . 336 
0 . 0 2 1 
52 . 5 6 2 a 1 9  
7 . 086b 
4 . 406 
0 . 008 
2 40 . 126 a 19 
7. 134b • 7· , 
0 . 2 45 
0 . 2 76 
5 8 . 906 a 2 1  
2 . 54 4 
0 . 808 
0 . 852 
6 4. 20 8a 2 1 
2 . 088 
1 . 0 10 
0 . 039 
72 . 0 l 2 a 
s .  54 1b 
2 1  
0 . 7 3 3  
1 . 25 9 
TABLE 1 1  ( con tinued) 
Coe f ficien t  o f  Explanatory 
State or Multiple Variable 
Region 
Pacific 
Unit ed 
S t ates 
Dete rminat ion * 
=0 . 812a R2y • l 
R2y • l , 4  =0 . 828a 
R� · l , 4 , 2 = O . s 1 9 a  
RZ)r • l , 4 , 2 , 3=0 . 808a 
=0 . 7 92a R2y- 4 
R2y• 4 , 1  =0 . 856 a 
R2ye  4 , 1 , 3 =O . 852 a 
R2y• 4 , l , 3 , 2=0 . 846a 
Entered 
Xl X4 
Xz 
X3 
X4 
X1 
X3 
Xz 
*Adj usted for degrees o f  freedom 
3Si gni ficant at the 1 percent level 
b s i gn i ficant at the 5 p e rcen t  level 
5 9  
Number 
Computed of 
F-Value Ob servations 
81. 866 a 2 1  
2 . 826 
0 . 02 4  
0 . 006 
75 . 812a 22 
9. 7 72a 
0 . 564 
0 . 280 
This region was cons iderab ly larger than . the New England 
region , expendit ures were greater , and there were mo re firms at the 
ret ai l  level . Increas ed e�pendit ures for fertilizer an d the res ultin g  
:Increas ed q uantity signi fic antly lowered costs for retail fi rms in 
the region . The lower cos t s  res ulted in adj us tmen ts in market p ri ce 
as indicate d  by the re gres sion mo del . 
The East No rth Central and Wes t North Cent ral re gions were 
the areas in which fe rti lizer us e was in ten sive and expen dit ures were 
the greates t .  Also , cooperat ives were well es t ab l ished in th
.
es e 
regions . B oth the number o f  coope�atives and the marke t  share o f 
cooperative s  were signi ficant explanatory variab les in t he Eas t No rth 
Central re gi on . There were five . states includ ed in this region . 
For the stat es taken indivi dual ly , the market share o f  cooperatives 
was found to b e  s i gni ficant in only one stat e .  nte numbe r  of coope ra­
tives was s i gn i ficant in three stat es lUld the level o f  e xp endit ures 
was signi ficant in two sta t es . The avera ge co s t  o f  ammoni a  p roduction 
was a signi fican t  exp lanatory variab le in four of the s t ates included 
in this re gion . 
In thi s  re gion where expenditures were great and the numb er 
of ret ail fi rms was large , the entry o f  new firms was s timulated by 
increased expendit ures . Competition due to the en t ry  o f  new . fi
rms 
influen ce d ma rket price signi ficantly .  S imilarly , th
e p ricin g  
policies of the large numb er o f  ret ail firms were i
n fluen ced b y  the 
average co s t  o f  amnx>nia p ro duc tion . 
60 
6 1  
The res ult s for th Wes t North Central re gion showed expen­
ditures and the numb er o f coope ratives to be the only s i gni fican t 
explanatory variab les .  Th re were seven s.t at es incl Ude d  in this region . -
The marke� share o f  coope r n t ives was
p found
.
to b e  a s i gni fican t  e xp lana­
tory variab le in Minnesot nnd South Dakota. Simi larly ,  the numb er of 
c_ooperatives was fotm d to h a . si gni ficant in Missouri an d Neb raska . 
In four o f  the states in cl ud ed in the re gion , the le�e l  o f  expendit ures 
was found to be a signi fi c nn t variab le , and the ave ra ge cos t  o f  
annnonia p ro duction was s i r,n i ficant in tw o  s t ates . 
As in the Eas t North Cen tral region , in creas e d  expendit ures 
for fe rt i liz e r  in fluenced th e costs of retai l  dis t ribution and s t im-
ulated the en try o f  new firms . The market share o f  cooperatives was 
greater in this re gion th nn in the Ea�t No rth Cen t ral re gion and 
there were mo re coope ratives at the ret ail level .  As the res ults 
indicat e ,  in th is type of mnrket area , the numb er o f  coope rat ive s  and 
siz e of expendit ures were igni ficant in exp lainin g va riat ions in the 
market price o f  ammonium n i t rat e.  
There were a tot al o f  eight stat es in cluded in the South 
Atlantic re gion . Fo r th iR re gion , the market share of coope ratives 
and the average cos t  of am100nia p �oduction were found t o  be s igni f­
icant exp lanat o ry variab len . The ma rket share o f  cooperat ives was a 
statist ically sign i fi cant va riab le in five o f  the stat es incl uded in 
the region . The numb er o f  coope ratives was signi ficant in four 
· states , while �he level o f  expenditures was . found t o  be a sig
ni ficant 
explanatory variab le in five of the individual states . 
Finally , the 
average cos t  o f  ammonia product ion was fotmd to be a s i gni fi cant 
expl anatory variab le i� six st ates . 
In the South Atlan tic region , expen dit ures for fertilizer did 
not increas e as rapidly as in other areas . Estimated expen dit ures 
were only $152 . 3 million in 1951 and ab out $190 . 6  mill ion in 19 72 . 
The numb er o f  firms handlin g fert ilizer at the retail l eve l  also 
declined .  There were 2 5 0  cooperatives handlin g fe rti lize r  in this 
re gion in 19 51 but by 19 72 the re were only 2 28 firms . As p re vious 
results have indicat ed , in areas o f  relat ively cons t an t  demand , where 
expenditures for fe rtilizer have in creas ed slowly , the market share 
of cooperative s  was significant ly as sociated with the ret ai l  p rice o f  
ammonium nit rate . In these areas where the nutrb er of fi rms dec lined 
or remained almost cons t an t , firms with suf ficien t market power were 
ab le to exe rt an in fluence over the market p rice. Furthermo re , com-
. petit ion amon g exi s t ing firms in such a market was not as in tense as 
1n expandin g markets experien cin g the entry o f  new firms . Hen ce , in 
this type o f  market are a ,  p rice was in fluenced by the avera ge cos t o f  
production an d  the market share o f  exis tin g  firms as indi�ated b y  the 
results . 
There were four individual states in cluded in both the Eas t 
South Cen tral re gion and the Wes t South Cent ral re gion . Fo r the 
Eas t ·South Cen tral region , all four explanatory variab les were fotmd 
to be st atis tical ly s igni ficant ; the market share o f  coope
rat ives was 
the mos t impo rt an t ,  explaining appro ximately 78. 8 pe rcen
t o f  the 
variat ion in the market p rice o f  a�nium ·nitrate .  
Fo r in dividual 
6 2  
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st ates , the market share o f  cooperat ives was found to b e  s i gnifi c ant 
in three stat es and the average cos t of ammonia p ro duc tion was s i g­
ni ficant in one stat e .  Th� remainin g independen t variab les , the 
numb er o f  coope rat ives an d  level of expendit ures , were not fotm d  t o  
b e  signi fican t  in any o f  the indivi dual states . 
The Eas t South Central re gion was very s imilar to the South 
Atlantic re gion . In this region , expenditures for fe rti l i z e r  an d  the 
numb er of firms handlin g  fe rtilizer have increas e d  only · sli gh t ly .  
The res ults ob t ained fo r thes e re gion s were very similar d ue to the 
similar market con di t ion s .  
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The number o f  cooperat ives was the only signi fic an t  explanat ory 
variab le in the Wes t South Central region . Res ults fo r the indivi dual 
states included in the region showed that the market share o f  coope ra-
tives was a signifi can t  explanato ry variab le in two st ates , and the 
numb er o f  coope ratives was statist ically significant in all stat es . 
The exten t  o f  expendit ures was a significant variab le in two states , 
and the avera ge cos t  o f  amroonia production was significan t  in one . 
The conditions in this region were similar t o  tho� e in the 
West North Central re gion . Expenditures for fert i lizer in crease d  
rapidiy and the numb er o f  firms handling fert ilizer , as in dicat ed by 
the nurrb er o f  cooperatives , also increas ed dramat ically . The 
results ob t ained fo r this re gion were similar to those ob tain
ed fo r 
the Wes t No rth Cen tral re gion . Thes e res ults again - ind
icated that in 
regions rapidly an d  new firms have en te
red the 
where demand has grown 
market : ih terfi rm competit ion was st imulated and the cos t s  o f  ret ail 
dis t ribution were lowered .  In this type o f  market , the retail p rice 
o f  armnoni um . nitrate was s i gnificantly as sociated with the numb er o f  
coope rat ives and t h e  level o f  expendit ures· fo r fertilize r an d  lime . 
There were seven s t ates included in the Moun tain re gion . For 
this region , the siz e  o f  expenditures for fertilizer was . found to be 
the t00s t  si�i fi can t  explanatory variab le . The ma rket share o f  
cooperatives was also found t o  be a statist ically s igni fic an t  variab le 
in five of the seven states . The numb er o f  cooperatives was n ot 
fotm d to b e  a signi ficant variab le in any o f  the s t ates cons idere d. 
The level o f  farmer expendit ures fo r fe rtilizer was s i gni ficant in 
five states , and the average cos t  of amroonia was s
.
igni fican t  in three 
of the seven states . 
The Moun tain re gion was similar to · the New England re gion .  In 
both regions , the deman d fo r fert.
ilizer was limited an d expenditures 
did not in crease r ap i dly . LiiUited demand act ed as a b arrier t o  the 
ent ry o f  new fi�ms at the ret ail level . The market power o f  the 
ret ail fi rms ,  as indicated by the market share o f  cooper at ive s , and 
expenditures for fertiliz er were sign ifican t ly as so ciat e d  with the 
market price of ammonium nitrate in the Mountain region . 
The final region cons idered in the analysis was the
 P aci fic 
region . For thi s  re gion , the marke t share o f  cooperat
ive s  was found 
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to be the only. signi fican t  explanatory variab le
. For t h e  indivi�ual 
states ,  the average cos t o f  ammonia production 
was the on ly s i gni ficant 
variab le in the st ates o f  liashington and Ore gon .
 In Cal i fomia , the 
I 
market share o f  cooperat ives and the numb er o f  cooperat ives were the 
only signi fican t  exp lanatory variab les . 
The results for the region were in fluenced t o  a lar ge ext en t  
b y  Cal i fornia. Expendit ures for fertilizer have in creas ed rap idly in 
Cali fornia . The numb er o f  cooperat ives han dlin g fe rti lizer in Cali­
fornia steadi ly declined ,  but the market share of cooperat ives 
continue d to increase .  The lower cos t.s as so ciat e d  with the in creas ed 
quan tity o f  fe rt i lizer marketed signi ficantly in fluenced the ret ai l  
price o f  ammonium nit rat e in Cali fornia . 
The res ults o f  the mult iple re gression an alysis fo r ammoni um 
nit rate i nd ic ated that a high ly signi ficant as sociat ion exi s t s  b etween 
the average re tail price o f  ammonium nitrate an d  the st ruc tural 
variab les . Although no sin gle variab le was high ly signi fican t  in all 
cases , there exis ted s imi larit ies in the explanat o ry power o f  the 
indepen dent variab les aroon g  the chos en regions . The avera ge ret ail 
price of ammonium nit rate was signi ficantly as sociated with farmer 
expenditures fo r fert ili z er and with the market share of cooperatives 
in regions where fert ilizer us e  was limited. In market areas where 
expenditures fo r fe rt i li z er increas ed rapidly and new firms en tered 
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the market , market p rice was a� sociat ed with the numb er o f  coo
perative s  
and the · level o f  expendit ures . Finally , regions in which dema
nd 
was relatively cons t an t  and the numb er of retail firms in c
reas ed 
slowly or even decl ine d ,  the p rice o.f amroonium nitrat
e was as sociated 
With the market share o f  cooperatives and the avera
ge cos t  o f  ammonia 
production . 
THE RESULTS FOR ANHYDROUS AMMONIA 
The result s o f  the mult iple re gres s ion analysis fo r anhydrous · 
ammonia were similar to the res ults ob tained for amroonium n i t rate . 
Although there were les s dat a  availab le , in almos t all s t ates and 
· regions , the es t imated regres sion equations were h i gh ly· s i gni ficant 
in expl ainin g variations in the market price of anhydro us ammoni·a .  
As in the cas e o f  ammonium nit rat e ,  however ,  there were . some inter­
state and in terre gion al di fferences in the result s .  The res ults o f  
the an alysis are reported in Tab le 1 2  for the individual s t ates an d  
regions . · 
Not enough dat a  were availab le to es timate the re gres sion 
equat ions for the stat es in the New Englan d region . For the Mid 
Atlantic region , the numb er · of coope ratives han dlin g fertilize r at 
the retail level was the on ly . signi ficant explanatory variab le . Of 
the three states in cluded in the region , the market share o f  coopera­
tives was found to be s i gni fic ant in only one st ate . The. numb er o f  
cooperatives was statistically signi ficant in two o f  the three states 
while the level of farm expendit ures was found to be signi ficant in 
two states . The average cos t o f  amroonia prod uction was not a signif-
icant explanat ory variab le in any stat e. 
The res ults for anhydrous amm:>nia in this re gion were e
s sen-
tially the s ame as the res ults ob tained for amncnium nit rate .
 Th e  
number o f  cooperat ives and the size of expenditures w
ere the two 
explanat9ry variab les that were significan�ly as sociated with the 
average retail price of anhydrous ammonia. 
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TABLE 12 
Res ults of th e Mul t iple Regression Anaiysis 
for Anhyd rous Amroonia by Stat es , 
Regions and the United S t ates 
State or 
Region 
Coe f f i ci en t  o f  
Hultiple 
Determination * 
Maine Ins u f fic ien t  D a t a  
New Ins u f fi cien t  Dat a  
Hamp shire 
Veroont Ins u f fi ci. ent Data. 
Conne ct- Insuf fi c i en t  Dat a  
icut 
Mas sa- Insu f fi c i en t  Da t a  
chus etts . 
Rhode 
I sl an d  
New 
Engl an d  
New Yo rk 
New 
Jer s ey 
Pennsyl­
vania 
Hid 
At l an t i c  
Ins u f fic i en t Dat a  
Ins u f fi c i en t  Dat a 
Exp lanat o ry  
Variable 
Ent ered 
Comp ute d 
F-Value 
7 5 . 2 2 1: 
5 . 8 6 6. 
0 . 8 19 
0 . 1 02 
2 4 .  96 0a 
4 . 012 
o . 6 3 7 
0. 06 0 
82 . 138a 
14 . 70 7 a  
1 . 2 2 3  
2 . 4 3 7  
22 6 .  894 a 
o .  32 6  
0 . 2 2 1  
0 . 0 21 
Numb er 
o f  
Ob s ervat ion s 
12 
11 
17 
14 
6 7  
TABLE 12 ( continued) 
Coe f fi c ien t of 
S t ate o r Mult iple 
Region Dete rmin at ion * 
I l linoi s R2y • 4 =0 . 750 a  
R2y • 4 , 2  =0 . 7 7la 
R2y • 4 2 3 =O 760a 2 , , • R y • 4 , 2 , 3 , l=0 . 745 3 
Indiana R� · 2 =0 . 7 3la 
R2y • 2 , 4  =O g s 3 9a 
R2y • 2 , 4 , 3  =0 . 86 33 
R2y • 2 , 4 , 3 , l=0 . 85 4a 
Ohio R2y • 2 =0 . 935 a 
R2y • 2 4 =Os 95 4a 
R2y • 2 : 4 , 3  =0 . 96 2 a 
R2y • 2 , 4 , 3 , l=0 . 96 4a 
Michigan . R2y • 2 =0. 8 3 3a 
R2y • 2 , l  =0 . 92 9 a 
Wis con-
s in 
East 
North 
Central 
R2y · 2 , 1 , 3 �o � 937 a 
R2y • 2 , 1 , 3 , 4=0 . 9 33 a  
R2y • 2 0 . 8 3 33 
R2y• 2 , 3  �0 . 8 39 3  
R2y • 2 3 1 �o . 856 3 
2 ' ' a R y • 2 , 3 , l , 4a0 . 844 
R2y • 2 =0 . 835 a 
R2y • 2 , 4 = 0 . 85 4 a  
R2y • 2 , 4 , 3  =0 . 86 7 3  
R2y· 2 , 4 , 3 , l= 0 . 8613 
Minnesota R2y• 3 = 0 . 899a . 
R2y- 3 1 = O .  9 43a 
Iowa 
2 , R y • 3 , 1 , 4 = 0. 939a 
R2y• 3 , l , 4 , 2=0 . 9 35 a  
R2 y • 4 =0 . 7 7 3a 
R2y • 4 , 3 = 0 . 8013 
R2y • 4 , 3 , l  =0 . 810a 
R2y • 4 , 3 , 1 , 2=0. 7 97 a 
Explanatory 
Variab le Computed 
Entered F-Value 
x4 5 1 . 1 803 
X2 2 . 484 
X3 0 . 20 4  
X1 0 . 000 
x2 6 1 . 5 9 1a 
X4 6 . 8 7 0b X3 3 . 6 2 9  
X1 0 . 05 1  
X2 2 4 2 . 394a x4 8 . 16 2: 
X3 4 . 91 9 
X1 1 . 350 
1 9 1 . 462 a  
2 . 310 
2 . 69 9  
0 . 106 
80. 5 3 3a 
1 . 4 0 9  
2 . 6 28 
0 . 016 
86 . 6 95a 
2 . 90 7  
3. 5 0 3  
0 . 319 
142 . 65 9 a  
1 3. 30 1 a 
0 . 011 
0 . 0 14 
5 7 . 56 2 a 
3 . 489 
1 . 5 6 5  
0 . 05 9  
Numb er 
o f  
Obs ervat ions 
1 9  
1 9  
1 9  
18 
18 
19 
18 
1 9  
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State o r  
Region 
Missouri 
No rth 
Dakota 
South 
Dakot a  
Nebraska 
Kansas 
Wes t 
North 
Cent ral 
Delaware 
Maryl and 
TABL E  12 ( con tinued) 
Coe f ficien t o f  
Mult iple 
Det ermin a tion* 
R2y • 2 = 0 . 9 0 l a  
= 0 111 90 l a R2y • 2 , 4 
R2y • 2 , 4 , 3  = 0 111 904 3 
R2y • 2 , 4 , 3 , l= 0 . 8 99a 
R� · 2  = O .  85 9a 
= 0 . 882 a R2y • 2 , 4 
R2y • 2 , 4 , 3  = 0 . 89 3a 
R2y • 2 , 4 , 3 , 1= 0 � 90 4a 
=0 . 8 9 la R2y • 3  
R2y • 3 , 2  =0 � 9 4 3a 
R2y • 3 , 2 , 4  = 0 . 94 3 a  
R2y • 3 , 2 , 4 , l=0 . 9413 
= 0. 9 4 7 3  . R2y • 2 
R2y • 2 , l  = 0 . 95 2 a 
R2y • 2 1 3 = 0 . 952 a 
2 ' ' a R y• 2 , l , 3 , 4= 0. 95 1  
R2y • 3 = 0 ., 8 5 7 a 
= O .  8 9 7 a R2y • 3 , 2 
R2y • 3 , 2 , l  =0 � 89la 
R2y • 3 , 2 , 1 , 4�0 . 8 84 a 
= 0 . 8 3 7 a R2y • 3 
R2 y • 3 1 = 0 . 914 a 
R2y · 3 ' 1 4 = 0 . 9 16 a 
2 • " _ a R y 3 , 1 , 4 , 2-0 . 9 16 
R2y • 4 = 0 . 5 6 8 a  
R2y• 4 , 2 = 0 . 5 94b 
R2y• 4 , 2 , 3  = 0 . 55 0 
R2y • 4 , 2 , 3 , l= 0 . 5 05 
R2r 2 = 0 . 7 4 6a 
R2y • 2 , l  = 0 . 8 1 7 a 
R2y • 2  1 4 =0 . 8 2 3a 
2 • " _ a R y 2 � 1 , 4 , 3- 0 . 8 2 8  
Explanatory 
Variab le 
Ent ered 
� 
x 4 
X3 
Xl 
X2 
X4 
X3 
X1 
X3 
Xz 
X4 
X1 
X2 
Xl 
X3 
X4 
X3 
X2 X1 
X4 
X3 
X1 
X4 
Xz 
X4 
Xz 
X3 X1 
Xz X1 X4 
X3 
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Numb er 
Comp uted of 
F-Val ue Ob servat ions 
15 3 . 85 9a 1 9  
1 . 1 09 
1 . 4 14 
0 . 041 
6 7 . 6 5 la 1 3  
2 . 8 5 9  
1 . 902 
2 . 085 
1 31 . 92 8 a 18 
15 . 1 94 a 
o. 76 4 
0 . 6 5 6  
2 99 . 6 7la 1 9  
2 . 993 
1 . 2 34 
0� 028 �· .. 
102 . 7 99a 19 
7 . 16 1b 
0 . 256 
0 . 015 
86 . 95 6 a 19 
16 . 52 4 a 
1 . 166 
0 . 7 7 8  
11. saz a 1 1 
1. 445 
0 . 114 
0 . 2 2 1  
4 7. 00S a 18 
7 . 049b 
. 1 . 50 8  
1 . 3 85 
• 
S tate o r  
Re gion 
Virgini a 
Wes t 
Virgini a 
No rth 
Carol ina 
South 
Carolina 
Georgia 
Floridac 
South 
Atlant ic 
Tennes see 
TABLE 12 (con tinued) 
Coe f fi c ien t of 
Mult iple 
Dete rmination* 
R2y • 4 = O s 650a 
=0 . 814a R2 y - 4 , 3  
R2y • 4 , 3 , 1  = 0 . 7 9 7b 
R2y • 4 , 3 , 1 , 2=0$ 8 10b 
Insuffi ci ent Data 
R� · l  = 0 & 85 73 
=0 .. 8 6 1a R2y • l , 3 
R2y • l , 3 , 4  = 0 . 8 5 7a 
R2y • l , 3 , 4 , 2�0 . 8658 
R2y • 4 =o . sson 
= O .  75oa R2y · 4 , 3 
R2Y • 4 , 3 , 2  = 0 . 7 318 
R2Y • 4 , 3 , 2 , l=O e 7 0 9a 
=0 . 82 la R2 y .. 1 
R2 y• l , 3  = 0. 832a 
R2 y • l , 3 , 2  = 0 . 835 8  
R2 y• l 3 2 4= 0. 832 a ' ' , 
R2 y - 2 =0 . 360 
R2y • 2 , 4 = 0. 6 15b 
R2y • 2 , 4 , l  a 0 . 5 6 4  
R2)r • 2 , 4 , l , 3=0 . 491 
R2y • l  = O .  835a 
R� · l , 4  = 0. 880a 
R� · l , 4 , 3 =0 . 874a 
R2y • l ,  4 ,  3·, 2=0. 865 a 
R2y • l =0. 9 3 3a 
R� · l , 3  =0. 92 9a 
R2y • l , 3 � 4 =0 . 9 2 7a 
R2y • l , 3 , 4 , 2= 0 . 92 3a 
Explanatory 
Variab le 
Ente red 
X4 X3 
X1 
X2 
Xl X3 
X4 
X2 
X4 
X3 
X2 
Xl 
X1 
X3 
Xz 
X4 
Xz X4 
Xl 
X3 
x1 
X4 
X3 
Xz 
x 1 
X3 
X4 
X2 
7 0  
Numb er 
Comput ed o f  
F-Value Ob s ervations 
1 2 . 989 a 9 
6 . 84 3b 
0 . 3 7 3  
1 . 1 34 
96 . 944a 18 
1 . 188 
0 . 6 97 
1 . 580 
15 . 96 8a 15 
ll. 256 a 
0. 033 
0 . 120 
7 7 .  986 a 19 ;. .. 
1 . 97 7 
1 . 3 16 
0 . 6 69 
4 . 50 3 
6 . oszb 
1 0  
0 . 06 6  
0 . 0 11 
125 . 54 3a 18 
0 . 2 9 7  
0 . 09 1  
0 . 043 
2 2 1 . 86l a 1 8  
0. 160 
0 . 56 1  
0 . 1 78 
State or 
Region 
Alabama 
Mi ss is-
sippi 
East 
South 
Central 
Arkans as 
Louisi-
ana 
Oklahoma 
Texas 
West 
South 
Central 
TABLE 12 (continued) 
Coefficient of  
Multiple 
Det ermination* 
=0 . 699a R2y • 3 
R2y• 3 , l  = 0 . 7 5 2 a  
R2y • 3 , l ,4 =0 . 741a 
R2y • 3 , l , 4 , 2=0 . 7 24a 
R2y • 3 =O . 755a 
=0 . 8 82 a R� · 3 , 4  
R� · 3 , 4 , l = 0 . 8 95 a 
R2Y • 3 , 4 , l , 2=0 . 895a  
R� · l  = 0 . 7 4 la 
=0 . 8288 R� · l , 3  
R� · l , 3 , 2  =0 . 90la 
zy. . a R • 1 , 3 , 2 , 4=0 e 9 14 
=0 ., 643a . R2 y• 4 
R2y• 4 , l =0. 685a 
R2y• 4 , 1 , 3 =0. 68la 
R2y• 4 , 1 , 3 , 2=0 . 6 7 63 
R2y• 2  =0. 748a 
R2y- 2  1 =0 . 743a 
R2y• 2 ' 1 3 =0 . 743a 2 ' ' a R y• 2 , 1 , 3 , 4=0 . 726 
R2y• 3 =0 . 837a 
R2y• 3 , 1 =0 . 850a 
R2y• 3 , 1 , 2  = 0. 844a 
R2y • 3 ,l , 2 , 4=0. 8 3 7a 
R� · 2  =0 . 9 64a 
R�· 2 , 1  =0. 976a  
R� • 2 , l , 3  =0 . 9823 
RZ)r • 2 , 1 , 3 , 4=0 . 9 86 a 
R2y • 2 =0 . 9 23a 
R� · 2 , 1  =0 . 9 3 3a 
R2Y • 2 , 1 , 4  =0 . 9 33a 
R2y • 2 , 1 � 4 , 3=0 . 92 9a 
Explanato ry  
Variab le 
Entered 
X3 
Xl 
X4 
X2 
X3 
X4 
X1 
X2 
X1 X3 
Xz 
X4 
X4 
Xl X3 
X2 
X2 
Xl X3 X4 
X3 
X1 
Xz 
X4 
X2 
X1 
X3 
X4 
Xz 
X1 
X4 X3 
' 71 
Number 
Coraputed of 
F-Value Observations 
39. 489a 
4. 571 b 
1 9  
0 . 256 
0 . 026 
52 . 287a 19 
19. 02 7a 
3 . 038 
1 . 006 
48 .  706 a 19 
9 . 5 79a 
12 . 468a 
3 . 112 
30 . 5 92 a 19 
3 . 22 2 
0 . 131 
0 . 689 7· -
50. 424a 19 
0. 5 76 
0. 988 
0 . 006 
82. 737a 1 8  
2. 181 
0 . 386 
0 . 300 
454. 329a 19 
9. 716: 
7. 001 
3. 240 
203 . 205a 19 
3 . 7 99 
0 . 830 
0 . 145 
Stat .... or 
Region 
Montana 
Idaho 
Wyomin g 
Colorado 
New 
Mexico 
Arizona 
Utah 
Nevada 
TABLE 12 (continued) 
Coe f ficient of 
Multiple 
D et ermin ation* 
=0 . 5 15b R2 y • 3 
.R;y - 3 , 1 = 0 . 6 1 8b 
R
2
y• 3 , l , 4  =0. 5 82 
R y• 3 , 1 , 4 , 2=0. 550 
R2r 3 =O e 72 9a 
= 0. 76 7a R2y • 3 , 1 
R2y • 3 , l , 4  =0 . 755 3 
R2y • 3 , 1 , 4 , 2= 0& 740a 
R2y - 2 = O a 8853 
=0 . 9oz a R2y • 2 , 3 R:Y • 2 , 3 , l =0 � 8933 
R2)r • 2 , 3 , l ,4=0 . 8823 
R� · 3  =0 .. 931a :.:aQ. 9 3 ·7 a  R� · 3 , 1 
R5' • 3 , l , 4  =0 . 9 3 7 a 
R2y • 3 , 1 , 4 , 2= 0 . 9 35 a 
R� · 4  = 0 (\1 801.a 
= 0 . 8 70 3  R;r • 4 , 3 
R2Y • 4 , 3 , l  = 0 . 880 a 
R2y • 4 3 1 2= 0. 882a ' ' , 
R� · 4  =0. 662a 
R2y • 4 , 2 =O .  6 8 1  a 
R� · 4 , 2 , l  =0 . 6 94a 
R • 4 , 2 , l , 3=0 . 6 97 a 
R2y • 3 ==0 . 55 8� R2 y - 3 , 4 . = O. 52 1 
R�· 3 , 4 , 1 = 0 . 4 7 7  
R2y • 3 , 4 , l , 2= 0 . 404 
R2y • 2 b = 0 . 49 7b R2y • 2 , 3 = 0 . 700b R2y • 2 , 3 , 1  = 0 . 7 7 lb RZ), • 2 , 3 , l , 4= 0 . 8 2 3  
Explanatory 
Variab le 
E.-it ered 
X3 
x
l X4 
X2 
X3 
X1 
X4 Xz 
Xz 
X3 Xl X4 
X3 
x 
xl 
x4 2 
X4 
X3 
X1 Xz 
X4 X2 
X1 
X3 
X3 
X4 X1 Xz 
X2 X3 
X1 X4 
7 2  
Numo er 
Comp ute d o f  
F-Val ue Ob servation s 
8 . 52 6b 10 
2 . 965 
0 . 266 
o . 424 
45 . 65 7 a 1 9  
3 . 76 0  
0. 154 
0. 001 
85 . 82 2 a 1 3 
2 . 6 2 1  
0 . 122 
0 . 014 
22s. 101a 19 
2 . 907 
0. 945 
0. 425 7· .. 
6 8 .  34 3a 19 
1 0 . 09 3a 
2 . 07 1 
1 . 156 
33 . 32 7a 1 9 
1 . 882 
1. 6 8 7  
1 . 1 00 
ll . 39la 1 1  
0 . 18 7  
0 . 2 19 
0 . 016 
6 . 938b 9 
S . 52 2  
2 . 5 98 
2 . 22 0 
• 
TABLE 1 2  ( con tin ue d) 
Coe f fici en t  o f  Explanatory 
S t at e  o r  Mul tiple Variable 
Resion Determination *  Entered 
Mountain R2 y• 3 = 0 . 9 10 a X3 
R2 ye 3 1 = 0 . 9 35 a 
2 
, Xl 
R y • 3 , l , 4  = 0 . 9 4 1a X4 
R2y • 3 , 1 , 4 , 2=0 . 9 39 a Xz 
Wash ing- R2 ye 4 = 0 . 6 72 a  X4 
R2y • 4 , 1 t on  = O .  70 4a X1 
R�y · 4 , l , 3  = 0 . 7 5 5 a  X3 
R y • 4 , l , 3 , 2= 0 . 76 7a Xz 
Ore gon R2y • 4 =0 . 6 9 5 a X4 
R2y - 4 , 2 = O . 7 7 1a Xz 
R2 y • 4 , 2 , 1 = 0 . 7 7 6 a  X1 
R2y • 4 ,2 , 1 , 3=0 . 7 6 2 a X 3 
Cali f or- R2y • 2 = 0 . 8 7 8 a  X2 
nia 
Paci fic 
United 
S tates 
R2 y• 2 , 1 = O .,  902a X1 
R�y · 2 , 1 , 4  = 0 . 90 2 a X4 
R y • 2 , 1 , 4 , 3=0 . 89 7 a X 3 
R2y - 2 = O .  86 3a � 
R2y - 2 , 1 = O .  89 7 a  X1 
R2y - 2 , 1 , 3 = 0 . 889 a X3 
R2y • 2 , 1 , 3 , 4=0 . 8 84 a  X4 
R2ye l = 0 .  86 7 a X1 
R2 y- 1 , 3 = O .  s a2a X3 
R2y • l , 3 , 2 = 0 . 8 7 4 a Xz 
R2y • l , 3 , 2 , 4= 0 . 86 5 a X4 
*Adj us ted for degrees of freedom 
aSignifi cant at the 1 p e r cent level 
b s · · f · h s t 1 1 igni i can t at t e p e r cen ev� 
Computed 
F-Value 
15 3. 66 1  a 
6 .  355b 
2 . 2 35 
0 . 45 7  
34. 8818 
2 . 762 
4 . 2 31 
1 .  79 8 
38. asoa 
6 . 436b 
1. 35 7 
0 . 014 
122 . 766 a 
s . 139b 
1. 088 
0 . 002 
10 7 .  910a 
6 . 2oob 
0. 022 
0 . 0 75 
110 . 6 70a 
2 . 9 31 
0 . 086 
0 . 004 
Numb er 
o f 
Ob s ervation s  
1 7  
19 
19 
19 
19 
19 
. 
c
The comb ina t ion o f the two inde
pe�dent var iab les , x2 and �4 , 
was s ignif i can t whi l e  the independen t variab le x2 alone was no
t s ig­
nif i cant a t the ch os en leve ls o f  conf idence . This w
as due to · th.e small 
numbe r o f obs e rva tions and the low R2 value for the equation con
taining 
x2 alone . 
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S imi lar result s were ob t ained for . the Eas t No rth Cen t ral 
region . For the entire region , the numb er o f  cooperat ive s  was the 
only sign i fi can t  explan atory variab le. lbere were five states in­
cluded in the re gion . The market share of coope ratives was not s i g­
ni ficant in any o f  the s t ates conside red. �n four of the individ ual 
states , the numb er of cooperatives was a s i gni fican t  explanat o ry 
variab le . The l evel o f  farmer expendit ures for fertilize r was sig­
ni fic ant . only in Ohio . Finally , the average cos t  of ammoni a  p roduction 
was s igni fic ant in three s t ates . 
For the Wes t  No rth Cent ral region an d  the So uth At lan t i c  
region , the res ults ob tained for anhydrous ammonia were e s s ent ially 
the same as tho s e  ob t ained for aIDJD)nium nit rate . In each c as e , the 
same 
. explanat o ry  variab les wer
e signi fican t ly as sociat ed with market 
pric e .  In the .West North Central re gion , both the level o f  expen­
dit ures and the market share o f  cooperatives were found to b e  s igni f­
icant exp l anato ry variab les . There were seven s t at es in cl ude d  in this 
region . The market share o f  cooperatives was s ign i ficant only in the 
state o f  Minnesot a ,  while the numb er o f  coope ratives was a s i gni ficant 
explan atory variab le in five of the seven s t ates • .  The e xt ent o f  farme r 
expendit ures fo r fe rt iliz er was si gni fican� in three o f  the s t at es , and 
the ave rage cos t  o f  anunonia production was sign i ficant only in Iowa. 
Dat a  were availab le for the seven states included in the So uth 
Atiantic re gion . For the entire re gion , the market share o f  coope ra­
tives was the only signi ficant explanatory variab le .  Til
e ma rket 
share o f cooperat ives was a significant independ
ent variab le in three 
• 
o f  the stat es .  The level o f  expendit ures was s i gni f icant in two 
states , the numb er o f  coope ratives signi ficant in on ly one s tat e ,  
an d  the average cos t  o f  amroonia production was s i gn i fican t  in two 
states . 
As in the an aly sis for amt00nium nit rat e ,  the numb er o f  coop­
eratives han dlin g  fert ilizer and farmer expen dit ures for fe rt i lizer 
were the most s i gni ficant explanato ry variab les in the Wes t North 
Cent ral re gion . S imilarly , for ·· the South At lantic regi·on , the 
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market share o f  coope ratives and the average cos t  of ammoni a  p roduction 
were signifi can t ly as sociated with . the ave rage ret ail p ric e o f  anhydrous 
ammonia . 
There were four states included in b oth the Eas t So uth Cen t ral 
region and the Wes t South C_en tral re gion . The res ults ·ob t ained in 
these areas for anhydrous ammonia were very similar to the re s ults 
ob t ained for anm10ni um nitrate. In the .cas e o f  anhydro us ammonia , 
the level o f  expendit ures for fe rt ilizer was 100 re s i gni fican t  than 
for anunonium ni t rate . For the East So uth Central region , the market 
share of cooperat ives , the numb er o f  coop eratives , an d  the level o f  
farme r expenditures for fe rtilizer were all signi ficant expl an ato ry  
va.riab les .  The market share o f  cooperatives was s i gn i fic an t in three 
o f  the four in divi dual states in the region . The numb er o f  coopera-
t ives was not significant in any o f  the s t ates . The level o f  f arner 
expenditures was a signi fi cant explanatory variab le in two s t ates , and 
the average co s t  o f  atnnX>nia production was signi fican t  in on ly one 
st ate . 
For the en tire Wes t South Cen tral region � the numb er o f  
cooperatives was the on ly signi ficant explanatory variab le . When 
individual s t ates were cons idere d ,  the market share o f  coope rati ves 
was signi fican t  on ly in Texas . The numb er of cooperatives was a 
signi fican t  explanat o ry variab le i� two o f  the st ates , while the 
level o f  expendit ures was signi ficant in three o f  the four s t ates . 
Mis sis s ippi was the on ly state in th i s  region in which the ave rage 
cos t  o f  annnonia p roduc tion was found to be significan t . · 
The re s ults ob tained fo r anhydro us ammonia in thes e two 
regions were quite simi lar to the r�s ults ob tained fo r annnonium 
nit rate . For anhydrous anuoonia , the level of expendit ures was an 
import an t  explanat ory variab le . The avera ge co st o f  ret ail dis t ri-
bution fo r anhydrous ammonia was sub st antially af fec ted . by s ales 
vol ume .  The in creased sales volume di strib uted am:>n g the limited 
number o f  fi rms in thes e areas reduced the average cos t  of dis t ri-
bution sub stan tial ly . Hen ce ,  in the cas e of anhydrous ammonia , the 
level o f  expendit ures was as sociat ed significant ly with ret ail p ric e 
as indicated by the result s o f  the analysis . 
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The analysis for anhydrous ammonia in the Mo un t ain re gion showed 
result s simi lar to the res ults for ammonium nit rat e .  For the re gion 
taken as a whole
. 
the extent of expenditures for ferti lizer an d  the , 
market share o f  cooperat ives were fo und to b e  the most sign i f
i can t  ex­
planat ory variab les . There were eight st ates included in this re gion 
for . the anhydro us ammonia analy sis . When the states were con s i de red on 
an ind� vidual b as is ,  the market share o f  cooperatives was fo
tmd not to 
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be s t atistica�ly signi ficant in any o f  the states . whi le the numb er 
o f  cooperat ives han dlin g fert ilizer was s i gn i fican t  in on ly two s t ates . 
The level o f  expenditures for fertilizer was fotmd t o  b e  a s igni ficant 
explanatory variab le in . five o f  the eight states , an d  the ave rage 
cos t  o f  ammonia p roduct ion was signi fican t  in only two cases . As in 
the cas e  o f  ammonium nit rate ,· for th is region , the leve l  o f  expen­
dit ures for ferti lize r was signi ficantly as socia t e d  w ith the retail 
price o f  anhydrous ammonia . 
The final area cons idered was the Pacifi c  re gion . For this 
region , the res ults ob t ained from the analysis for anhyd ro us ammonia 
were almos t  iden tical to th e result s ob taine d fo r ammonium nit rat e .  
When the Paci fic region was con s idered as a market area , the market 
share of cooperat ives and the numb er or coope ratives were found to b e  
the only signi fican t  exp lanat o ry  variab les . As in the cas e o f  
anuoonium nit rat e ,  in Washin gton and Ore gon , the ave ra ge cos t  o f  
armoonia p roduct ion was the mo s t  s i gn i ficant exp lanat ory variab le . B ut 
in Cali fo rnia ,  the market share o f  cooperatives an d  the numb e r  o f  
coope rat ives were found t o  b e  s i gni fican t .  As with the result s for 
anunonium ni t rate , the res ults of the analysis fo r the re gion were 
in fluence d . by Cal i fo
rnia . Thus for the Pacific re gion , particularly 
for the stat e o f  California , the average ret ail price o f  anhydrous 
ammonia was si gn i fi c an t ly as sociated with the numb e r  o f  coope rat iv
es 
and the market share o f  cooperatives . 
In alm0s t  all re gions and st ates considere d ,  the results o f  
the analysis 
·
for anhydrous amn¥>nia were ve ry similar t
o  thos e ob ta ·!:.ned 
· '· -
for annnon ium nit rate . Fo r both cas es , in re gions o f  limi t ed demand 
and limited fe rti lizer use ,  the market price was s i gnifican t ly 
as s o ciat e d  with the level o f  farmer expendi t ures for fe rtilizer and 
the market share of coope ratives . In regions where expendit ures 
inc reas ed rapi dly and new firms entered the market , the re tail p ri c e  
was sign i fic an t ly as soclated with the numb er o f  cooperat i ve s  and the 
exten t of expen ditures . Finally , in thos e areas in which demand fo r 
fert i lizer remained relat ively con stant or in creased s lowly and 
the numb e r  of firms at the re t ai l  level did not inc re as e  d ramatically , 
the market price o f  nit ro gen fert i liz ers was significant ly as sociate d 
with the ma rket share o-f cooperatives and the avera ge cos t  o f  
ammonia p ro d uction . 
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Chapte r  4 
S UMMARY AND IMPLICATIONS 
The s t ruct ure o f  the fertilizer indus t ry chan ged s i gni fican t ly 
durin g the p e rio d 19 5 1-19 72 . Farmer expendit ures fo r fert i l i z e r  and 
· lime inc re as e d  rapidly durin g the 19 60 ' s ; · expendi t ures for· fert i l i z e r  
. in t h e  Uni t e d  S t ates in creased from ab out $1 , 3 7 3  mi l lion in 19 6 1  to 
app roximately $2 , 4  7 6  million i n  19 72 . Althou gh e xpendi.t ures fo r fer- · 
tili z e r  in c reased d urin g this perio d ,  the ave ra ge ret ai l  p rices o f  
annnonium nit rate and anhydrous ammonia decline d .  I n  the Uni t e d  S t ates , 
the ave rage ret ai l p rice o f  anunonium ni trate fe ll from $82 . 70 pe r  ton 
in 1961 t o  $6 0  p e r  t on in 19 7 0 .  By 19 7 2 , the ave rage retai l  p rice for 
ammonium ni t rate had in creased to ab out $64. 70 per t on • .  S imil arly , the 
average re t ai l  p rice for anhydrous ammonia in the Uni t e d  S t ates decline d 
from $14 2 per t on in 1961 t o  ab o ut $7 5  per t on in 19 70 an d in creased to 
about $80 pe r ton in 19 7 2 .  The de clines in the re t ail
. 
p ri ces of 
ni t ro gen fe rt i lizers were ca used in part b y  chan ges that occurre d  in 
the compe t i t ive st ruct ure o f  the in dus t ry .  The s t ruc t ure o f  the indus t ry 
in t urn was s i gni fican t ly affected by te chnolo gical innovations that 
favored inc re as e d  capacity in pro duction and b y  the ent ry of n etv firms 
at both the production level and the retail leve l .  
Durin g this perio d o f  s t ruc t ural chan ge ,  farme r-owne
d coopera-
tives playe d  an impo rt an t  role in the developmen t of th
e competit ive 
st ruct ure o f  the indus t ry .  Coope ratives became importa
nt in b oth the 
produc t ibn an d dist rib ution of nitrogen fert ilizers .  
As basic 
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produce rs o f  commercial fertil iz ers , cooperatives accounted fo r app rox­
imat ely 12 . 7  pe rcen t o f  the total fertilizer p ro duc tion in the United 
St ates in 19 70 . 2 2 S im il arly , in 1 97 0 ,  cooperatives accounted fo r 
ab out 2 0 . 4 p ercent o f  the indus t ry ' s total p roduc tion of anhydrous 
ammonia an d  abo ut 32 . 5  percent o f  the indust ry ' s t otal p ro duction o f  
ammonium nit rate . At the re tail level , the net sales of fertilize r 
nade b y  coope ratives a motmted to app roximately 14 . 4  pe rcen t  of to tal 
farmer expen dit ures fo r fertili ze r and lime in the United S tates fo r 
the year 1 9 5 1 .  By 19 72 , this had increased t o  abo ut 30 .  5 percen t .  
Al though the number o f  cooperative retail out lets handling fertilizer 
de cline d in some s t ate s an d re gions, the t o tal numb er o f  cooperatives 
handlin g fe rtilizer a t  the ret ai l  level in the Unit e d S tates increased 
from 3 , 52 1  in 1 9 5 1  t o  abo ut 4 , 50 9  in 1972 . 
The quantity o f  commercia l fertilizer and l ime marketed at the 
re tail level in crease d durin g  the period cons idered as in di cated b y  
increas ed expendit ures an d decreased re tail price .  Cooperatives in­
creas ed the quan t ity o f  fertilizer marketed at the re tail leve l  in two 
ways . First , the quan tity o f  fe rtilizer marketed by coope ratives was 
incre as e d by growth in the s iz e  o f  some c ooperat ive retail out lets . 
Growth L.i the s ize o f  re tail cooperative out le t s  was re flected b y  
incre as ed expendit ures fo r fertilizer accompanied by an increased 
narket share of coop eratives . The retail prices o f  ammonium nit rate 
2 2  
Mathe r ,  p .  20 . 
an d  anhyd rous ammon ia we re af fe cted by the lower co s t s  a s so ciated with 
in creased s ize an d s ales vo lume . Secon d ,  cooperatives in creased the 
quan tity of fe rtil iz er marketed in some areas by increasing the numb er 
o f  re tail cooperat ive o ut le ts han dling fert iliz er. As so ciated with 
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an increas ed n uni> er o f  re tail cooperatives was an inc re ase in the to tal 
market share of co operat ives . 
GROWI'H IN THE S IZE 
OF RETAIL COOPERATIVE OUTLETS 
Growth in the s iz e o f  re t ail cooperative o ut lets han dlin g fer-
tiliz er s ignifican tly in fluen ce d  the retail prices o f  ammonium nit rate 
and anhydro us ammonia in thos e s tates and re gions in which market 
growth was s low. Fo r e xample , marke t growth was limite d  in the Mid-
At lantic re gi on ; e xpen dit ure s for fertilizer an d l ime inc re ased from 
$84 . 3  mil lion in 19 51 to on ly $8 7 . 2 mil lion in 19 72 .  The s iz e  of the 
retail cooperative out let s  increased substant ially in this region ;  the 
market share o f  cooperat ives in creased from abo ut 2 3 . 8  percen t in 1 95 1  
to approxima te ly 4 8 . 4  pe rc en t  in 1972 , while the numb.er · o f  cooperative 
re tail outle ts han dlin g fe rtilizer declined from 3 34 in 1?51 t o  abo ut 
20 1  in 1 9 7 2 .  Th e  l ower co st s asso ciated with the incre as e d  sales 
vo lume of cooperative re tail out lets significantly in fluenced the ret ail 
pric es of annnonium nitrate and anhydrous ammonia in this re gion . For 
example , the declinin g n umb er o f  cooperatives was s igni ficant ly as so­
ciat e d  w ith the average retail p rices of ammonium n it rate ( R2y • 2  = 0 . 8 72 )  
and anhyd rous annnon ia (R
2y • 2  = 0 . 951 ) . 
Nerd York , New J e rs ey , an d Pennsylvania were the in divi dual 
s t ates in clud e d  in the Mid-At lan t i c  re gion . Market growth was limit ed 
in New York ;  expen dit ures fo r fe rt il izer and lime in creas ed from 
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$34 . 1 mi llion in 19 51 to on ly $ 35 . 0  mill ion in 19 7 2 .  Although market 
growth was s low ,  re tail coo p e rat i �e out lets in the s t at e  showed sub­
st an tial growth . The market share o f  cooperat ives in New Y o rk increas ed 
from ab out 2 5 . 2  pe rcen t in 19 5 1  t o  approximately 6 8 . 6  perc en t  in 19 7 2 ; 
the numb e r  o f coope rat ives df!creased from 211 in 19 5 1  to ab o ut 1 5 7  in 
19 7 2 .  Growth by coope rat ives ha d a s i gni ficant impact on the average 
ret ai l p ri ces o f  ammonium nit rate an d anhydrous ammonia . The ave rage 
retai l  p rice o f  anhydro us mmoni was s i gni ficant ly as sociated with 
the decre as ed numb er o f  re tail coope rative out let s ( R2y• 2 = 0 . 882) . 
The leve l of
· 
expendit ures was the mos t s i gni fican.t explanat o ry variab le 
in the cas e o f  ammoni m 11i. t rat e ( . 2y .. 3 = 0 . 8 8 9 ) � but the number of 
coope rat ive s  was s t atis t ically. s i gni fican t  also ( R
2y • 3 , 2  = 0 . 935 ) .  
Growth by coope rat ive retail out lets was sub s tant ial in· New Jers ey 
and Pennsy lvan ia als o .  In both o f  these states , the dec reas ed numb er 
o f coop e rative s , re f le cting in creas ed size , was a s i gn i fi c ant explan-
ato ry  variab le . 
In the South At lantic re gion , where farmer expendi t ures for 
fe rt ilize r and l ime in creased from $2 94 . 9 mi ll i
on in 19 51 t o ab out 
$ 37 5 . 8 mi l lion in 19 72 , the growth of  cooperat ive re tail out let s  had 
a sub s t an tial imp act on the average retail p rices of ammoni um nit rate 
and anhyd rous ammoni a .  The growth of retail cooperative outle t s  was 
re flec ted by the in creased marke t share of c
oope rat ives and the decreas ed 
number o f  coope ratives.  Th e  market share o f  cooperatives increased 
from about 9 . 7 percent in 1 9 5 1  to approximately 2 0 . 1 percent in 19 72 , 
while the numb e r  o f  coope ratives handling fertilizer at the retail 
level in the re gi on de clined from 2 5 0  in 1 9 5 1  t o  an estimated 2 2 8  in 
19 72 . 'llle marke t share o f  coop eratives was s ignificant ly as so ciated 
with the ave ra ge retail p ric es of anunonium nitrate (R2y• l = 0. 882) and 
anhyd rous ammonia (R2y• l = 0 . 8 35) re flecting the impact of inc reas ed 
size and lower cost s .  
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'Ih e  impact o f  coope ratives was limited in tho se states and 
regions in which cooperatives failed to sufficien tly expand in response 
to slow marke t growth. Fo r e x.ample , Delaware an d  Florida were included 
in the South At lan tic re gion , b ut i n  these states the impact of 
cooperative s was limited. Expendit ures fo r fertilizer increased by 
approximately 10 3 percen t  in De l aware during the period 1 9 5 1-1 9 72 . 
But the market share o f  coope ratives in the state increased from only 
3. 4 percent in 1 9 51 t o  ab o ut 6 . 9  pe rcent in 1972 , and the numb er o f  
cooperat ives han dlin g fe rtiliz er a t  the retail level de clined from 1 0  . 
in 19 51 to an es timated e i gh t  in 19 72 . In this state , the impact of 
cooperat ives was l imit ed ; t he average cost of ammonia production was 
the toost  s igni fic an t  e xplanato ry variable asso ciated with the avera ge 
retail p rice o f  ammonium n it rate (R2y •  4 = O. 75 7 )  an d the ave rage retail 
price o f  anhyd ro us ammonia ( R2y • 4  = 0 . 568) . 
Similar re sults were obt ained for Florida. Expend
it ures 
for fe rtilizer and lime in crease d b y  abo ut 74 percent d urin g the 
period 19 51-1 97 2 .  In Fl orida as in Delaware , cooperat ives did not 
s i gn i fican t ly expan d  at the ret ail leve l . Th e  ma rket share o f  
co.opera tive s  inc re ased f ro rn  abo ut 1 5 . 5  pe rcen t in 19 51 t o  on ly 18. 1 
percen t in 1 9 7 2 , while the numbe r o f  cooperat ives handli_n g ferti lizer 
at the ret ai l  leve l  de clined .crom 46 in 1951 to ab o ut 41 in 19 72 . 
The imp act o f  coope rat ives was l imi te d in this st at e ; the ave ra ge 
co s t  o f  annnon i a  p ro duction was s i gn i fic an t ly as socia t ed with the 
average ret ai l  p rice o f  amrnonium nit rate ( R2y. 4 = O .  792) . Th e ave rage 
cos t o f  ammonia p ro d u ct i on was also a s i gni fican t  explanat o ry  variab le 
in the case o f  anhyd rous ammonia. 
In some st at e s and re gions , ent ry and /o r  expans ion by c oope ra-
tive retail out let s was limited by competi tion and as a res ult coop­
erative s  we re unab le t o  cap t ure a suf fic ient share o f  the ma rket . 
Uh ere compe t it ion b etween ret ail out lets was fierce , the ave rage 
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ret ai l p ric e s of anhydrous amroonia and ammoni um nit rat e  we re as so ciated 
with th e ave rage cos t o f  annnonia pro duct ion . 
The po s i t ion o f  cooperat ive s at the re tail level relat ive 
to thei r p o sit ion in the p ro d uc t ion of coT!lI11ercial fe rt ilizers may h ave 
al so limi t ed expans ion by coope rat ive ret ai l out let s ;  the p o s i tion of 
coop e ratives at the ret ai l  leve l exceeded their pos it ion in p roduct ion . 
Growth in th e s ize o f  coope rat ives at the ret ail leve l  re fle cted the 
increas ed quan t ity o f  fe rtilizer marke ted by the coope.rative re t ail 
out lets . Durin g th e perio d o f  overp roduc tion in th e in dus t ry , re t ai l  
coope rat ive out le ts in some re gions were ab le to s ec ure the in c rea.s ed 
quanti t y  o f  fert i lize r requi red for continued grow th from non- coope ra­
tive p ro duce rs . In o ther market areas in which ret ail coope ratives 
were unab l e  t o  obt ain t he ne ce s sary quantity o f  fertilizer from 
n on-coope rative pro duc e rs , th e e xpansion or  growth of  re tail coopera­
tive out lets was limite d  and the impact of cooperatives on the re tail 
prices of nitro gen fe r t il i z ers was insignifican t .  
GROWTH IN THE NUMBER 
OF RETAIL COOPE RATI VE OUTLETS 
In tho se market area s that experien ced rapid growth in market 
s ize·, cooperatives s ign i fican t ly affected the average ret ail p rices 
o f  ammonium n it rate an d anhyd ro us ammonia b y  increas in g  the numb er o f  
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cooperative retail o ut le ts .  For example, market growth was subst antial 
in the West  North Cent ral region , where expendit ures for fertilizer 
and lime increas ed from ab out $103 . 2 million in 19 5 1  t o  approximately 
$6 76. 7 mil lion in 19 72 .  Co ope ra t ives s ignificant ly in crease d  the 
numb er o f retail out le ts in this region in respons e to the market 
growth. The numb er o f  cooperatives handling fertilizer at the retail 
level in creased from 1 , 104 in 19 51 to about 2, 047 in 19 72 ; associated 
with the in creased n umb e r  was an increase in the total marke t share o f  
cooperatives. I n  this region , the
. 
level of expen ditures was the most 
signi ficant explan atory variable as sociated with the average retail 
price of ammonium nit rate ( R2y• 3 = 0. 846) , but the numb er of coopera­
tives was also s t at istically s igni ficant (R2y• 3 ,2 =0 . 891 ) . Similar 
resul ts we re ob t ained fo r anhyd rous ammonia; the le
vel of  expendit ures 
was the most s ignif ic an t  e xplanato ry  variable (R2r 3 = O . 837)  and 
the n umb er o f  coop e ra ti v2s was al so s tatistic ally s igni fic an t  
( R2y • 3 , l = 0 . 9 14) . 
Marke t growth was rap id in the Wes t  South Cen t ral region also ; 
expen d:lt ures fo r fertilize r and lime increased from $75 . 3 million in 
19 51 t o abo ut $2 52 . 1  mill ion in 19 72 . Cooperatives s igni fican tly 
increased the n umb er o f  retail out lets in this re gion . The numb er o f  
cooperat ives han dlin g fe rtil izer at the re tail leve l  in cre ased from 
2 8 3  in 19 51 to ab o ut 4 74 in 19 72 . The in creased n umber o f  retail 
coope rat ive o ut lets s igni ficant ly in fluen ce d the avera ge re t ail p rices 
of ammonium n i t rate and anhydrous ammonia . In this region , the n umber 
o f  c ooperative s  han dlin g fertilizer at the re tail leve l  was the only 
expl anatory var iab le s ignifican t ly as so ciated with the average retail 
price s of annnonium n it rate (R2y• 2  = 0 . 918) and anhyd ro us ammon ia 
( R2y • 2  = 0 . 92 3) . 
In market s that experienced rapid growth , increases in the 
numb er o f  ret ail coop e rat ive out le ts s i gni fican t ly a f fected the 
re tail p rices of ammoni um  nitrat e and anhydrous anmonia . For example , 
ma rket growth was rapid in S o uth Dakot a Farmer expen di tures for 
fertilize r and lime in S outh Dakota increased from $0. 6 mi llion in 
19 51 t o  ab out $2 7. 9 milli on in 19 72 , and the n umber o f  co operatives 
han dlin g  fert i li zer at the ret ail leve l  increas ed from 5 7  in 19 5 1 to 
an es timate d 181 in 19 72 .  The in crease d marke t share of co operat ives 
in the s tate , re fle ct in g  the increased numb e r  of coop e rative re tail 
outlets ,  was s igni ficant ly as s o ciat ed wi th the avera ge re tail p rice 
o f ammonium nit rate ( R2y • 3 , l = 0. 9 49 ) . Simi larly , the incre as ed 
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numb er o f  retail co op erat ive out let s  was s igni fi cant ly asso ciated 
with the ave ra ge retail price of anhydrous ammonia ( R2y• 3 , 2  = 0. 94 3) . 
In Iowa , farmer expen dit ures for fe r ti li zer and lime in c reased 
from $ 31 . 7  mi llion in 19 5 1  t o an estimat ed $199 . 4  milli on in 19 72 .  
The number o f  c ooperat ives han dl in g fertilizer at the re tail leve l 
incre as ed from 262 in 195 1 t o  an estimated 35 9 in 19 72 , while the 
total marke t share of coop erat ives increased from abo ut 2 1 . 2  percent 
in 1951 t o  an es timated 39 . 8  perc en t  in 19 72 .  Alth ough the n umber o f  
coope rat ives at the re t a il leve l inc reas e d ,  the ave rage c os t  o f  am­
monia p roduct ion was fotm d t o  b e  si gni fi cant ly as s o ciated wi th the 
retai l  p rice s of amnonium ni trate ( R2y• 4 = 0 . 7 71 )  and anhydrous 
amnonia ( R2y • 4  = 0 . 7 7 3) . 'Ihese res ults indicate th at re tail coopera­
tives have not en ga ge d in a ggress ive p ri ce competit ion in this s tate .  
In re gions o f  rap id marke t growth , the impact o f  co operat ives 
was limi te d when coop erat ives .di d not expand at the ret ai l level by 
increas in g  the nunb e r  of re tail o utlets handlin g fertilizer. Again , 
expans ion by cooperati ve s  in s orae s tates and re gions was limi te d by 
the positi on o f  coop erat ives in fertilizer product ion . For example , 
in Iowa whe re fert ili zer use was int ensive , mos t maj or fe rt ilizer 
prod uc ers were rep resent ed at the retail level. Int ense compet iti on 
limited the impact o f  c oope ra t ive s on the retail prices o f  ni trogen 
fert ili z ers e ven though their market share and n umb e r
 inc re ase d  sub-
s tantially . 
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nm LEVEL OF EXPENDITURES AND THE 
AVERAGE COS T OF AMMONIA P RODUCTION 
1he level o f expendit ure s in fluenced average ret ai l  p ri ces 
o f  ammonium nitrate and anhydrous ammonia by in f luen cin g re tail dis-
t rib ut ion cos ts . The in creased q uanti ty o f  ferti l i ze r  marketed at 
the ret ail leve l was re flect e d  in inc rease d expen dit ures and s ales 
volumes which s i gn i fi c an tly reduced cos t s  for some re tail out lets 
due to econ omies of s cale . 
Expen di ture s  for fe rt i l i z e r  and l ime inc rease d  si gnifican tly 
in the Mo un t ain re gi on . Expenditures inc reased from $ 2 9 . 5  milii on 
in 19 51 to ab o ut $110. 4 million in 19 72 . Incre ased expenditures in 
· the re gion s timulate d e xp ans ion at the ret ail leve l .  For examp le ,  
the market s hare o f c o operat ives increased from 6 . 5  percen t  in 195 1 
to abo ut 2 1 .  3 pe rcen t in 19 72 , whi. le the number o f  c ooperat ives 
increased from 12 5 in 1�5 1 to . abo ut 242 in 19 72 .  In th is re gion , 
the level of expendi ture s was s i gni fi can tly ass ociated w i th ave rage 
re tail prices o f  ammonitml ni trate (R2y• 3  = 0 . 9 3 3) and anhydrous 
ammonia ( R2y • 3 = 0. 910) . 
The in tens i ty o f  compe t i tion was re flect ed in part by the 
ave ra ge cos t o f  ammonia p roduct ion . The average cost o f  ammonia pro-
duction was s i gni fican t ly as so ciat ed with average retail p rices o f  
ammonium ni trate an d  anhy drous ammonia in market areas in which suf­
fic ient market competit ion exist ed to force dec re as es in cost s o f  
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pro duction t o  b e  pas sed on t o  the re tail level. In 1951, the average 
cos t o f  amnonia production was $59 . 82 per t on ;  th is cont inua lly 
decre as ed to ab out $ 31 . 4 5 per t on in 19 71. By 1972 , h owe ve r ,  the 
ave rage cos t  o f  ammonia production had increased to ab out $ 41 . 12 per 
ton. 
In s tat es of intensive ferti li ze r use whe re the n umber of 
re t ail outlets was large , average retai l p rices o f  ammon ium nitrate 
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an d  anhydro us ammonia w e r e  as s o�iated with the average c os t  o f  ammonia 
production . For examp le , the average cost o f  ammonia p ro duction was 
si gni ficantly as s oc iate d with the ave rage retail price o f  ammonium 
nitrate in Illinois ( R2r 4 = o . 771) , Indiana ( R2y •  4 = O .  7 69 ) , and 
Wis consin 
.
( R2y • 4  = 0 . 762 ) . Comp etition was also in tens e  in s tates 
whe re fert il i ze r  us e  was limite d .  Th e  ave rage cost o f  ammonia pro­
duction was s igni fican t ly as sociat ed wi th the ave rage re t ai l  price o f  -
ammonium nit rate in Arkansas ( R2y • 4 = 0. 76 7) , Maryland ( R2y • 4  = 0.700) ,  
and Utah ( R2y • 4 = 0.755 ) . 
RECOMMENDATIONS 
Several rec omrrendat ions for c ooperative s  in the fert iliz e r  
indus try can b e  drawn from the evidence pro vided i n  this s tudy . C oop­
erat ives mus t c on tinue to ve rt ically in te grate i f  th ey are t o  remain 
viab le compe tit ors in the fert ilizer indust ry .  Much o f  the s ucc e s s  o f  
coope ratives was the res ul t  o f  ve rtical integration from re tail dist ri­
b ut ion, t o the p ro duct ion o f  commercial fert i li z e rs , t o  the owner
ship 
o f  raw mate ri a ls use d  in ferti l ize r p ro duction .  Durin g  the pe rio d 
con s ide re d in thi s s tudy ,  coope ratives at the re tail level marke t e d  
mo re fe rt i l i z e r  than coo pe ra tive producers supplied. Expans ion by 
retai l  coope rative s was limited in s ome re gions by the failure o f  
co ope ratives a t  the p ro duc tion level t o  meet the deman d  o f  re tail 
outle ts .  C on t inued growth an d expan s ion b y  coopera tives a t  the ret ail 
level requires that coop erat ive p ro duce rs be in a p os it ion to supp ly 
the retail out lets w ith s u f fic i en t  quantit ies o f  commercial n i t ro gen 
fertilizers . The ab il ity o f  c ooperatives t o  s ervice their c ust omers 
depends on their having an available supply o f  raw materials .  
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Growth an d c on so lidation b y  co operatives at the re t ail level 
s igni fic an t ly in fluen ce d ave rage re t ail prices of commercial nit ro gen 
fertil iz ers durin g the p ri od cons idere d .  The l owe r dist rib ut ion costs 
as so ciat e d  w ith in cre as e d  s iz e  an d sales vo lume allowed many re tail 
cooperative s to e f fe c tively compe te with o ther lar ge o ut le t s  on a p rice 
bas is . Growth ,  howeve r ,  was n ot the mos t  e f fective s t ra t e gy in al l 
narket are as . In t ho s e  re gions in which competit ion w.as s evere an d . the 
numb er of compe tin g retail out le ts was lar ge ,  the in crease d n umb er o f  
cooperative s at the re tail level had a s igni ficant impact on ret ail 
p rices o f  commercial nitro gen fe rtiliz ers . The app rop ria te cooperative 
st rate gy fo r any marke t are a  depen ded on the compe tit ive s t ruc ture o f  
the ma rke t ;  co operatives we re s e le ctive in de terminin g  in which marke ts 
s t ren gth was des ired . Bas e d  on the evi dence in this s tudy , sat uration 
by cooperatives at the retail level was successf ul in extremely com­
petitive markets while in less competiti ve markets, increased size 
was the best strategy for �ooperati ves at the retail l evel. In the 
future , coope ratives may need to continue to sacrifice the economies 
of scale associated with increased . siz e  and incre ase the numb er of 
cooperative retail outlets. Saturation of the market by cooperatives 
· at the retail level, however, may be on ly a short- run or intermediat e 
policy dependin g on the competitive nature of the industry, d isecon-
omies of scale, and the buyin g  motives of farmers . In the lon g run , 
economic theory would sug gest the c_onsolidation of retail cooperative 
outlets to take ad vantage of economies of scale. 
The development of new t�chnology resu lted in significantly 
increased ef ficiency in fertilizer pro'duction. Firms that adopted new 
technology enjoyed a competitive advantage over p roducers with older 
facilities. Cooperati ves must encourage technolo gical de velopment and 
improvements in e f ficiency at all le vels in the fertilizer in dustry . 
Application of these increas ed ef ficiencies will help coop eratives 
remain competitive and continue or improve their influence ove r  prices 
at the retail level. Passin g  savin gs back to the consumer is basic to 
the philosophy of cooperatives and is necessary to insure their future 
success. 
Finally, cooperatives must be responsive to changes _ in the 
patte rn of fertilizer consumption. As the demand for commercial fer­
tilizers develops in regions of historically limite
d  fertilizer use, 
fo. r 
·
l i h u� t in re gion where agricultural
 p ro duction was · e}�-;imp e n t e nu un a . 
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increa sed by irriga t i on , coope ratives mus t e xpan d their p ro duction and 
distribution s ystems to ac c ommodate the in crea sed d eman d .  Fail ure to  
expand t o  mee t increa s ed demand w i l l  result in a de c line o f  market 
share fo r c o o pera tives . 
The c o nc lusion s and re c ommenda ti ons o f  this s tudy were based 
on the analysis o f  hist oric al data. Fut ure d evelopments in the fer-
tilizer in dustry may not fo llow these hist oric al trends ; however , the 
in fl uen c e  o f  market s t ruc t ure variables on the retail pric es of nitro -
gen fertilizers ha s been s igni ficant as  indic ated b y  the results o f  
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this st udy. The resu l ts also indicated tha t  the impa c t o f  c oo pera tive s 
on the avera ge retail p rices o f  anhydro us ammonia and ammonium nitra te 
wa s substantial. In the fut ure, avera ge reta il pric es o f  nit ro gen 
fertilizers will c on tinue to b e  a ffected b y  market str uc ture variables 
and by c oopera tives in p ar t ic ul ar .  S ub stantial shifts fro m  the his-
toric al ba sis use d  in th is s t udy co ul d alter the c onc lusio ns and 
reco mmenda tions. Thus ut il i z at ion o f  the findings o f  this st udy , . 
requires a c ontin uo us  ch eckin g of the chan ges oc c urring in the variables 
used. The grea ter th e c hange o r  shift from the historic a l  patte rns , 
the greater the n ee d  for reeval ua tion us ing the most rec ent data 
available. 
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APPENDIX 
S t ate o r  
Region 
Maine 
New 
Hamp shi re 
Ve rmont 
Conne ct­
icut 
Mass a­
chus e t ts 
Rhode 
Is lan d 
New 
En gland 
New York 
New Je rs ey 
Pennsyl­
vani a 
Mi d 
Atlanti c 
I llin oi s  
Indian a 
TABLE lA 
Calculate d  Re gre s s ion Equations * for 
Ammoni um  Ni t rate by S t ates , Re gions 
an d  Unit e d  S t ates 
y = c y = c 
y = c y = c 
y = c y = c 
Cal culate d Regress i on Equati ons 
52 . 300 + 4 . 3 14X3 125 . 9 99 + 3 . 6 83X3 - l. 46 2 X1 - l . 8 1 7Xz + · o . 02 8X4 
- 7 . 405 + l. 44 8X4 + 2 6 . 0 71X3 
19 . 462 + l. 29 3X 4 + 2 6 . 1 32X 3 - 5 . 9 36 X  - 0 . 044X 1 · - 2 
2 45 . 2 11 - 2 . 6 5 3X 1 - 19 . 924X 3 2 42 . 5 5 8  - 2 . 6 3 7X 1 - 2 0 . 4 82 X 3 + 0 . 442X 2 + 0 . 026 X 4 
190 . 2 7 7  - l . 709 X1 - 3. 5 9 6 X2 
1 1 7 .  814 - O .. 86 6X 1 - 4. 12 7X2 _ +  O .  45 8X 4 + 5 . 542 X 3 
85 . 42 7  - 0 . 712 X 1 + 0 . 90 3X4 
81 . 111 - 0 . 6 6 3X 1 + 0. 85 7X4 + 1 . 6 3 3X 3 - 0 . 2 32 X2 
Ins u f fi cient Da ta 
y = c y = c 
y = c y = c 
y = c y = e 
- 12 . 2 6 1  + 2 •. 7 49 X 3 + O .  759 X4 
1 3 . 834 + 3 . 05 4X 3 + 0 . 6 4 7X 4 - 0 . 5 1SX2 - 0 . 1 83X1 . 
-6 5 . 88 3 + 2 . 2 6 4X 3 + 0. 375 Xz 
-5 4 . 32 9 + 2 . 140X 3 + o . 2 70Xz + 6 . 30 4X4 - 0 . 02 8X 1 
-5 . 9 7 1 + l. 9 44Xz + 3. 314X 3 
-2 . 69 4 + 1. 746Xz + 3. 2 80X 3 - 0 . 16 7X l � 0 . 155X4 
y e = - 40 . 90 7  + 2 . 6 1 7X3 + o . 375X2 · y e ::. -145 . 205 + 3. 2 8 3X 3 + o . O lOXz + 0 . 9 1 7X 4 + l . 420Xl 
y c = -35 .  6 81 + o .  34 3x2 + o . 222x3 ye = - 16 . 0 74 + 0 . 2 4 7Xz + o . 20 7X 3 + 0 . 40 1X4 - 0 . 2 5 4X1 
Y c = - 12 . 2 55 + 1 .  899 X4 
y = - 12 . 82 8  + l. O O lX4 + o. 350Xz - o . 12 8X3 - o . 410Xl e 
y = -2 5 0 .  70 7 + 1. 9 4 7X4 + 1 • . 6 19 Xz + O .  7 8 5 X3 c 
Ye = -2 75 . 105 + l . 9 18X4 + 1 . 786 X2 + 0 . 802X3 + 0 . 2 45 Xl 
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State or 
'R;egi on 
Ohi o  
Mi ch i gan 
Wis cons in 
Eas t  North 
Cent ra l  
Minnes ot a 
Iowa 
Missouri 
North 
Dakot a 
S outh 
Dakota 
Neb raska 
Kans as 
Wes t  North 
Cen t ral 
Delaware 
Ma ry lan d  
T AB  LE l A  ( con tinued) 
Calcu lat ed Resres s ion Equations . 
ye = -216 . 318 + l. 0 35Xz + l . 0 30 X 3 + o .  7 72 X 4 
Y e = -2 0 8 . 5 9 0  + 1. 0 8 3Xz + 0 . 9 36X 3 + 0 . 6 7 7X 4 - 0 . 2 4 3X l 
Y c = -2 4 .  5 4 6  + 1. 086Xz - O. 9 9S X 1 
y e = . - 8 . 2 4 1  + 1. 12 8X2 - l . l6 8X 1 - o . 2 86 X 3 - 0 . 1 1 3X4 
y = - 10 . 0 79 + l. 9 5 9 X4 c 
y = 9 9 . 82 0  + 1 . 156X4 - 1. 36 7X 3 - l . 10 3X1 + 0 . 0 82 Xz c 
Y e = -144 . 8 85 + 0 . 313X2 -
Y c == - 19 0 .  438 + 0. 2 4 8Xz -
1 . 56 3X 1 
l . 026X1 + 1 . 0 7 4X 4 + 0 . 10 7 X3 
y = 190 .  9 38 - l. 14 3X 3 - l . 190X1 c 
y = 16 8 . 6 6 1  - l. 0 5 1X3 - 1. 2 7 8X1 + 0 . 30 7X4 + 0 . 0 16 X2 c 
y = -16 . 489 + 2 . 0 1 3X4 c 
y = 101 . 83 3 + 0 . 71 4X 4 - 0 . 80S X1 - 0 . 20 3X3 - 0 . 0 36 X2 c 
Y e = - 6 8 . 701 + o . s1ax2 
Y c = - 109 . 
342 + O. 800X2 - 0 . 25 3X1 + O . SOSX4 + 0 . 4 41X3 
y = 12 7. 49 1  - 3 . 2 16X 3 c 
0 . 7 7 7X4 - 0 . 7 35 X1 + 0 . 15 3Xz y &:I 80 . 41 7  - 34! 1 32 X 3 + c 
y = 1 34 . 2 40 - 2 . 0 5 8X3 - O .  85 1X1 c Y a 149 . 86 8  - 1 . 9 85X 3 - 0 . 6 5 8X1 - 0 . 110X2 - 0 . 2 0 8X4 c 
y = 75 . 786 - o . 2 14x2 + 0 . 9 00 X4 c 
y = 7 8. 76 6  - 0 . 245Xz + 0 . 8 6 3X4 + 0 . 4 8 3X1 - 0 . 181X3 c 
y :s 114 . 325 - 0 . 9 2 6 X3 c 0 . 2 6 3Xl + 0 . 32 4X4 - 0 . 024Xz y = 9 8 . 816 - 0 . 62 4X 3 -c 
y = 14 7 . 88 7  - O. l06X3 - o . 02 2 x2 · c 
y = 12 8 . 00 2 - 0. 090X3 - 0 . 0
19 Xz + o. 2 71X4 - O . l06 X1 c 
y = - 9 3 . 6 82 + 2 . 32 7X4 + 1 3 . 72 5 X3 
y� = - 10 1. 1 35 + 2 . 1 3 3X4 + 13. 2 1 7X3 + l . 2 5 1Xz + 0 . 16 8Xl 
Y e = -10 3 . 3 33 + 1. 6 42 X4 + 
Y e = - 5 1 . 6 0 1  + l. 2 2 3X4 + 
3. 6 80X3 + l .  
36 2 X2 
2 . 79 3X3 + l . 5 2 9 X2 - 0 . 786X1 
9 8  
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TABLE lA ( cont in ued) 
St ate o r  
Regi on C alcu late d Regress ion Equations 
Vi rginia y = 86 . 2 5 8  - 1 . 8 85X 1 + O .  756Xz c y = -1 3 . 9 0 7  - 0 . 6 9 2 X1 + 0 . 75 4Xz + 0 . 6 4 7X4 + 0 . 9 30 X3 c 
Wes t  y = - 1 . 32 7  - 0 . 8 39 X1 + 3. 7 75X2 + 0 . 6 79 X4 
Virgini a 
e y = 12 . 6 30 - 0 . 9 6 9 X1 + 3. 86 1Xz. + 0 . 66 lX4 - 1 . 9 85 X3 c 
North y = 30 . 0 75 - 2 . 02 3X1 + . 0 . 50 lX3 + 0 . 6 6 9 X4 
Carolina 
e y = 30 . 0 18 - 2 . 0 6 1X1 + o . 49 7x3 + o . 69 9 x4 - o . 02ox2 c 
South y = - 54 . 9 76 + l. 2 �2 X4 + l. 6 5 4X 3 + 2 . 6 12X1 
Carolina Y e = -5 7 . 148 + 1. 122 X4 + l. 711X3 + 3 . 19 4Xl + 0 . 30 4X2 c 
Georgia y = 1 12 . 7 10 - 4 . 0 8 3X1 + o. Goix3 - o . 122x2 Y e = 8 6 . 9 4 9  - 3. 64 7X1 + 0 . 6 32 X3 - o . 5 78Xz + 0 . 2 5 5 X4 c 
Flori da y = -19 . 69 0  + 2 . 0 3 3X4 Y e = -7 4. 41 6 + 1. 7 7 1X4 - 1 . 5 84X1 + l. 8 30Xz + 0 . 2 2 7X3 e 
S outh y = 10 6 . 06 9 - 3. 9 6 0 Xl + 0 . 6 6 8X4 c 
Atlant i c  y = 10 3 . 390 - 3. 9 9 6 X1 + o. 5 38X4 + 0 . 0 46 Xz - O . OllX 3 c 
Kentucky y ::I 15 1. 2 35 - 4. 9 10X1 c 
0 . 4 75 X4 - 0 . 184X 3 + o . O llXz y = 12 1 . 0 4 5  - 3. 9 7 3X 1 + c 
Tennes see y = 135 . 5 76 - l. 9 9 S X 1 e o. 4 3ox4 + o . s 6 1x2 - o . 02o x 3 y = 5 9 . 9 9 0  - l. 8 36X 1 + e 
Alabama y = 1 16 . 366 - l . 5 5 1X 1 c o . 455X4 + 0 . 250X 3 + 0 . 05 2 X2 y = 6 8 .  2 1 8  - 1. 0 8 4X 1 + e 
Mississippi Y e = -8 6 .  36 8 + l. 2 0 1X 4 + 1 .  95 7X3 + O .  332X 1 y = -7 2 .  76 0  + 1 . 19 3X4 + 2 . 006x 3 + 0 . 349 X1 . - 0 . 22 8X2 c 
Eas t South y = 104. 55 1  + 0 . 865X1 + o . 9 3Bx4 + o . 6 5 zx 3 - o . ao4x2 
Central 
e 
Arkans as y :: -10 . 72 9 + l. 812X4 c -4 7. 2 85 + l . 9 6 8X 4 + l . 6 9 8X 3 - 0 . 209X1 - 0 . 15 1X2 y = c 
Louis i an a y = 1 2 8 . 9 02 - 1 . 31SX2 e 6 6 . 42 5 - l. llOXz + 0 . 5 6 7X4 + l. 30 7X 3 - 0 . 137X1 y = c 
State o r  
Region 
Oklahoma 
Texas 
Wes t South 
Cent ral 
Montana 
I daho 
Wyomin g 
Colo rado 
New 
Mexi co 
Arixona 
Utah 
Nevada 
Mount ain 
Washin gt on 
Ore gon 
y = c y = c 
Y e = y -c 
y = c y = c 
y = c y = c 
y = c y = c 
y = c y = c 
y ::: c y = c 
y = c y = c 
y = c y = c 
y = c y = c 
TABLE lA ( con t in ued) 
Calculat ed Re gress ion Equat ions 
1 7 4 0  771 - 0 . 6 9 3X z -
115. 133 + 0 . 0 79 X 2 -
12 8 .  796 - 0 . 49 1X 2 + . 9 8. 88 4. - 0 . 334X2 + 
165 . 5 6 5  - 0 . 249X2 
155 . 4 10 - 0 . 2 12 Xz -
131 .  3lt4 - 4 .  89 8 X3 -
12 8 . 62 2 - 4. 69 1X3 -
15 3. 36 6 - 2 . 816X3 -
1 70 . 162 - 3. 09 8X3 -
135 . 383 - 18. 86 4X3 -
115 . 894 - 1 8 . 16 2X3 -
1 38 . 800 - 4 . 0 75X3 -
151 . 745 - 4 . 42 8X3 -
7 8 . 9 2 9 - 7. 14 3X3 + 
8 7. 945 - 12 . • 0 90X3 + 
2 . 6 6 9  + 1. 851X4 
2 7 . 5 49 + l . 2 2 1X4 + 
1 8 . 9 0 6  + 1 .  7 2 3Xt+ -
90 . 7 39 + O .  9 4 3X4 
1. 160X 3 1. 569X3 - 1. 2 83X 1 + O .  32 0 X4 
2 . 176 X 1 
2 . 2 35 X1 + 0. 349X4 - 0 . 145 X 3 
0 . 06 9X3 + o . 011x4 + o . 1oax1 
0 . 5 2 1X1 
0. 359X1 - 0 . 0 6 5 X2 + 0 .0 39X4 
1 . 1 7 7X1 1. 30 4X1 - 0 . 2 5 2 X4 + 0 . 06 6 � 
O .  7 36X1 
O .  729 X1 + 0 . 29 4X4 + 0 . 4 70 Xz 
0 . 895X1 
O .  92 2X1 - 0. 185X4 - 0 . 006Xz 
0 . 8 0 8X4 
l . 081X4 - l. 605Xi + l. 859Xz-
s .  72 3X:i_ - 1. 8 86 Xi - o. 2os:s 
o . 384� 
o. 39 8 - 13. 058� - o . 131Xi 
Ins uf fi cien t  Dat a 
y = 15 9 . 7 16 - o . 9 3 7x3 - 1. 36 8Xl c 
1 75 . 42 6  - l. O l lX 3 - 0 . 9 8 8X1 - 0. 20 3X4 - 0 .043Xz y = c 
y = a. 362 + l . 6 9 1X4 c 
82 . 844 + 0. 9 6 7X4 - 0 . 055 X2 - O .  735X3 - 0 . 5 5 7X1 y = c 
ye = -o. 89 3 + l . 8 39 X4 
Ye = 65 . 6 5 6  + l . 1 73X4 - 0 . 8 3 7X1 - 0. 958X3 + 0. 183X2 
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S tate or 
Region 
Cali fo rnia 
Paci fi c 
United 
States 
y = c Ye = 
y = c Ye = 
y = c Ye = 
TAB LE lA ( continued) 
Ca lc ul at e d  Re gres sion Equa t i ons 
65 . 389 - 1 . 4 4 8X1 + 0 . 366 X2 
-4 3. 42 9  - o . 6 0 2 X1 + o. 552X2 + o . 5 5 7X4 + 0 . 5 36X3 
1 39 . 45 3  - 2 . 5 16 X1 
9 3. 0 32 - l. 7 2 7X1 + o . 7 35X4 - o . 02 6X2 + o . O l6 X3 
75 . 138 + l . 0 7 7X4 - 1 . 9 41X1 
15 2 e 381 + o . 6 15 x4 - 1. 38 3x1 - o . o2 4x3 - o . ooax2 
*Tii.e firs t  eq uat i on  given contains only the s i gni ficant 
exp lanato ry variab le s ,  wh i le the se con d  equati on con t ains all 
explanat ory variab les . 
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S t ate or 
Re gion 
Maine 
New 
Hamp shire 
Vermont 
Connect­
icut 
Mass a­
ch us et ts 
Rhode 
Is land 
New 
En glan d 
New York 
New Je rsey 
Pennsyl-
vania 
Mid 
At lan tic 
I llinois 
Indiana 
TABLE 2A 
Cal culate d  Re gress ion Equations * for 
Anhydrous Ammonia by S t ates , Re gions 
and Uni te d S t ates 
Calc ul at ed Re gress ion Eq uat ions 
Ins uffi cient Dat a 
Insufficient Data 
Ins u fficient Data 
Ins u f ficient Data 
Insuffi cient Dat a 
Ins uf ficient Data 
Insufficient Data 
Y e = -2 56 . 764 + l . 2 41Xz + 5 . 16 5X 3 Ye = - 329 . 7 70 + l . 49 7X 2 + 5 . 6 78X 3 + o . 4 36 X l - 0 . 29 9X4 
y = 9 3. 69 0  + 7. 7 32 X 3 e y = 79 . 008 + 6 .  414 X3 + 0 . 589X4 + 0 . 2 75 X1 - 0 . 2 5 8X2 . c 
y = 14 5 . 2 16 + 1. 82 1Xz - 3. 9 41X1 c Ye = -19 7 . 02 8  + O .  72 3Xz + 0 . 2 38X1 + 5 .  7 36 X 3 + 1 .  7 6 7X4 
Ye = -1 37 . 461 + 0 . 9 9 2 Xz Ye = - 1 80 . 706 + 1. 0lO X2 + 0 . 5 84X1 + 0 . 30 6 X4 + 0 . 028X3 
y = - 75 . 2 72 + 4 . 2 14X4 e 0 . 790X2 - 0 . 132 X3 + 0 . 013X1 Ye = - 14 7 . 188 + 2 .  7 32 X4 + 
Ye = -8 40 . 345 + 8 . 0 89 X2 + 1. 816X4 Ye = -7 2 5 . 9 32 + 5 . lOOXz + 3. 6 32X4 + 1 . 4 37X3 + 0 . 44 3X1 
102 
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TABLE 2A ( contin ue d) 
State or 
Region C alculated Re gression Equations 
Ohio Ye = -580 . 81 2 + 2 . 79 5X2 + 2 . 5 0 7X 4 + 1 .  3 39 X 3 Ye = -6 56 . 808 + 2 . 421X2 + 3. 029X4 + 2 . 26 7X 3 + · 2 .  39 7X 1 
Mi chi gan Ye = -2 26 . 4 84 + 3. 1 72Xz 
Ye = 2 . 5 3 7 + 3 . 5 79Xz - 5 . 6 7 7X 1 - 2 . 8 6 8X 3 - 0 . 409X 4 
Wiscons in  Ye = -5 5 3. 75 3 + 2 . 810Xz 
Ye = 10 . 7 81 + 1 . 5 49 Xz - 4. 091X 3 - 2 . 9 48 X l + 0 . 14 3X 4 
Eas t North Ye = -4 8 7 . 2 8 8  + O .  720X2 
Cent ral Ye = -45 7 . 834 + o . sszx 2 + 2 . 340X 4 + 0 . 170X 3 - 1 . 9 0S X 1 
Minnesota Ye = 41 3 . 16 9 - 2 .  9 6 6 X 3 - 2 . 9 0 8X 1 
Ye = 425 . 138 - 2 . 9 82 X 3 - 2 . 8 35X 1 - 0 . 104X 4 - 0 . 020X z 
Iowa Ye = -95 . 2 55 + 4 . 6  7 7X 4 
Ye = 2 5 7 . 500 + 1 . 416 X 4 - 0 . 5 75 X  3 - 2 . 2 75 X 1 - 0 . 19 7X z 
Miss ouri Ye = -206 . 041 + 1. 8 6 7Xz 
Ye = -2 79 . 09 8  + 1 .  79 8X2 + 1 . 0 39 X 4 + 0 .  708X 3 - 0 . 2 40X 1 
North Ye = 82 7 . 352 - . 2 .  314Xz 
Dakot a  Ye = 7 9 8 . 858 - l . 6 5 6Xz - 1. 0 30X 4 - 3 . 044X 3 - 1 . 640X 1 
South Ye = 2 90 . 8 71 - 3 . 6 9 7X 3 - 0 . 85 2Xz 
Dakot a  Ye = 331. 36 3 - 4. 412X 3 - O .  7 12 X 2 - o . • 650X 4 - 0 . 5 41X 1 
Neb raska Ye = 326 .  326 - 1. 018X 2 
Ye = 320 . 614 - 1. 113X2 + 1 . 002X 1 - 0 . 19 4�·3 + 0 . 122X 4 
Kansas Ye = 2 9 1 . 6 82 - l . 5 0 3X 3 - 0 . 46 8X z y = 2 76 . 902 - 1 . 465X 3 - 0 . 2 89X 2 - 0 . 942X 1 + 0 . 146 X 4 c 
Wes t N orth Y,.. = 338 . 105 - 0 . 2 33X 3 - 4 . 0 8 7X 1 "'" O .  9 6 6X 4 - 0 . 04 7X 2 Central Ye = 4 35 . 10 8  - 0 . 269X 3 - 2 .  7 6 7X 1 -
Delaware Ye = 6 4 . 738 + 2 .  35 5X 4 
Ye = - 33. 342 + 2 . 600X 4 - 4 .  849X z + 2 4 .  820X 3 + O. 5 8 1X l 
Marylan d Ye = -26 . 2 38 + 7 . 9 55X z - 3. 2 79 X 1 
Ye = -192 . 4 39 + 5 .  9 5 7X z - 1. 6 4 8X 1 + 2 . 2 49 X 4 + 4 .  916X J 
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TABLE 2 A  ( contin ue d) 
-
S t at e  o r  
Re gion Calcula ted Regression Equations 
Vi rginia y = 189 . 444 + l . 150X 4 - 3 . 32 6 X 3 c y = 2 33 . 0 3 7  + 0 . 62 3X 4 - 3. 72 9 X 3 - l . 15 3 X 1 + 0 . 446X 2 c 
West Ins ufficie nt Data 
Virginia 
North y = 2 46 . 7 9 9  - 9 .  7 71X 1 c 
Carolina y = 7 5 . 184 - 7. 492X 1 + 1 . 484X 3 + i. 14 o x 4 - o_. 2 a1x 2 c 
South y ::I - 3 34 . 795 + 3. 113X 4 + 10 . 241X 3 c 
Carolin a  Y e = - 35 1 . 149 + 2 .  917X 4 + 10 . 55 1X 3 + 0 . 45 9 X2 + 2 . 009X 1 
Georgi a  y = 2 49 . 640 - 10 . 389X 1 c y = 32 1. 82 4 - 10 . 4 79 X 1 + 1 .  788X 3 - 2 .  9 4 3 X 2  - O .  819X 4 c 
Florida Y c = - 10 12 . 390 + 2 1 . 14 8X z + S . 5 42 X 4 Y e =  -11 33. 5 79 + 2 1 . 9osx 2 + 6 . 0 0 9 X 4 + 1. 968X 1 + 0 . 5 61X 3 
S outh y = 402 . 86 9  - 15 . 9 82X 1 c 
0 . 16 lX 3 - 0 .  0 3 7X 2 At lantic y = 30 6 .  9 8 7 - 14 . 114X l + 0 . 6 13X 4 + c 
Kent ucky y = 2 8 3. 9 0 3  - lO . 829X 1 c y = 5 0 8 .  442 - 10 . 302 X  l - 2 .  8 1 3X 3 - 2 . 422X z - 0 . 1 7 3X 4 c 
Tennessee y = 2 22 . 6 34 - 3. 840X 1 + O .  330X 3 c y = 201. 45 7 - 3. 0 86X 1 + 1 . 371X 3 + · o. s 36 x 4 - o. 6 ss x 2 c 
Alabama y = -49 . 14 8 + 4 . 9 80X 3 - 1 . 455X 1 c 
-1 7. 0 31 + 4 . 84 3X 3 - 2 . 0 76 X  1 - o. 43�x 4 + o . 2 s3x 2 y = c 
Mis siss ip pi Ye = - 189 . 32 7 + 4 .  320X 3 + 1 . 864X4 + 0. 46 7X1 y = -5 2 . 6 78 + 4. 5SOX3 + 1 . 8 75 X4 + 0. 752X1 - 2 . 302X2 c 
Eas t S outh y = 2 2 6 . 949 - 3. 5 39X1 
Cen t ral 
c 
1 77 . 1 34 + 1 .  356X1 + l . 886X3 - l. 7 39X2 + 0. 899X4 y = c 
Arkansas y = -1 7. 42 8  + 2 . 6 5 1X4 c 
-29 0 . 8 85 + 3. 0llX4 - l. 888X1 + 3 . 382X3 + 3. 589Xz y = c 
Louisiana Ye = 184 . 799 - l . 8 74Xz 
Ye = 2 2 4 . 112 - 1 . 1 38Xz - 0 . 9 76 X1 - 2 . 345 X3 + 0. 064X4 
State or 
Region 
Oklahoma 
Texas 
Wes t S outh 
Cent ral 
Mont an a  
Idaho 
Wyomin g 
Colorado 
New 
Me xi c o  
Ari z on a  
Utah 
Nevada 
Mountain 
Wash in gton 
Ore gon 
y = c y = c 
y = c y = c 
y = c y :::a . c 
y = c y :ZS c 
y = c y = c 
y = 
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TABLE 2A ( c ontinue d) 
C a lculate d Regres sion Eq uat ions 
2 31 . 15 7  - 4 . 8 9 6 X
3 421 . 429 - 3 .  809X 
3 - 1. 
39 8X 1 - l . 16S X 2 
- O .  886X 4 
2 65 . 2 85 - 0 . 8 4 3X z + 4 .  389X 1 - 0 . 8 82 X 3 
1 8 3 . 6 94 - 0 . 6 89 X 2 + 6 . 019X 1 - O .  916X 3 + O .  9 38X 4 
32 2 . 9 9 8  - o . s 6 1x 2 
345 . 4 35 - O .  792Xz + 3. 95 6 X 1 - 0 . 558X 4 + 0 . 11 7X 3 
2 20 . 7 18 - 7 . 5 21X 3 
611. 10 3 - 4 . 0 44 X 3 - 4 . 2 74X 1 - l . 5 7 7X4 - 2 .  3 72X2 
2 82 . 20 8 - 6 .  76 0X 3 
2 6 4 . 9 7 8 - 4. 82 8X 3 - 2 . 166 X1 + 0 . 16 6 X4 - 0 . 0 46 X2 
2 33 .  725 - 8 . 025X 2 c y = 2 52 . 668 - · 3 . 819 Xz - 16 . 42 9 X 3 - 0 . 6 0 6 X1 - 0 . 1 3 7X4 . c 
y = 2 90 . 8 6 3  - 14 . 625X 3 c 
2 . 6 75X1 - 0 . 8 39 X4 + 0 . 5 72X2 y = 3 70 . 55 9  - 14 . 9 55X 3 -c 
y = 12 3. 841 + ;? .  919 X4 - 2 5 .  528X 3 c 4 . 6 61X1 - 6 . 2 01X2 y = 12 7. 311 + 3. 842X4 - 38 .  330X3 -c 
y = -90 . 10 7  + 4 . 94 7X4 c 9 . 8 70 X2 + 20 . 806 X1 + 8 . 6 42 X3 y = -9 7 .  375 + 2 . 2 78X4 -c 
y = 2 85 . 144 - 41 . 5 9 7X 3 c 1. 4 6 4X4 + O .  5 4 9 �1 - 1 . 1 32 X2 y = 369 . 9 56 - 5 2 . 6 5 8X 3 -c 
y = 2 26 . 9 22 - 4 3. 1 75Xz 
y� = -1 75 . 5 64 - 1 7 . 9 79Xz +2 69 . 2 41X3 - 22 . 116 X1 + 3. 14 1X4 
y = 360 . 6 60 - 2 . 250X3 - 4 . 6 34X1 c 
464 . 9 22 - 2 . 8 79X3 - 7 . 5 3SX1 - l . 290X4 + 0 . 2 1S X2 y = c 
Ye = 1 . 99 9  + 3. 40 6X4 y = 52 7. 2 38 + o . osox4 - l. 409X1 - 4 . 816X3 - 2 . 4 2 S X2 c 
y = -2 84 . 9 30 + 3. 45 3X4 + 4. 9 45Xz c 4. 2 4 6 Xz - l. 7 1 7X1 + 0 . 304X3 y = -1 72 . 14 8  + 3. 011X4 + c 
state or 
Region 
Cal i fornia 
Paci fic 
United 
Stat es 
TABLE 2A (con tinued) 
Calc ul ated Re gression Eq ua tions 
Ye = -29 . 6 6 1  + 1. 820Xz - 2 . 6 8 3X1 y = c -9 . 5 91 + 2 . 2 12X2 - . 3. 120X1 - l. 165X4 - 0 . 048X3 
Ye = - 15 0 .  290 + 1. 42 5Xz -
Ye = - 2 2 7 . 49 9  + l. 5 3 7X2 -
3 . 300X1 
2 . 942X1 + 0. 19 8X3 + 0 . 306X4 
Ye = 4 41 . 8 76 - 12 . 01ox1 Ye = 489 . 111 - 8. 5 75X1 - 0 . 058X3 - o. 0 1ox2 - o . o s2x4 
*The fi rs t eq uat ion given contains only the s i gni ficant 
explanat ory variab les , whi le the sec ond e q uat ion c ontains a ll 
explanat ory variab les . 
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